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TAG's Super Speed CELECTRAY Re- 
corder has dramatically exposed hereto- 
uncharted, but vital, temperature 
changes in many industrial processes in- 
volving continuous or batch production. 
Conventional recorders of long cyclic 
time fail to measure sudden temperature 
changes caused by chemical reactions. 
But, the Super Speed CELECTRAY Multi- 
ple Recorder takes these blind spots out 
of temperature records, even though 
changes may be taking place as rapidly 
as 200° per minute! 

Formerly, it has been necessary, in order 
to record a considerable number of 
points, to use several instruments, even 
though they be multiple recorders. Now, 
the Super Speed CELECTRAY puts ALL 


these records on ONE chart... a com- 


. 
tore 


C. J. TAGLIABUE MEG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 


plete cycle of 12 records in 60 to 70 
seconds with incomparable accuracy .. . 
recording |20 temperature indications as 
shown in |0 minutes. 

Translate this super speed, supreme accu- 
racy and operating facility into terms of 
processing economy and product uni- 
formity, and you'll want to know the whole 
absorbing story of these competent in- 


struments. They employ the CELECTRAY 


takes thé 


principle of an inertialess beam of light 


reflected from a mirror galva- A 


nometer, which, in moving 
on and off a phototube, X 
passes the ‘'control- 

ling edge" of a 


screen. 
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your bath 





by ‘Open and Shut” Control. To satisfy 
specific problems involving varying 
amounts of throttling range Foxboro per- 
fected the Stabilog Controller. It does a 
perfect job on the 35%. Each type of 
nN Foxboro Controller has its definite place. Foxboro 
Engineers will gladly help you. 


‘ 7 of control problems cannot be handled 

















REG. U.S. PAT. OFF 


TEMPERATURE CONTROLLERS 






OF ALL TEMPERATURE CONTROL 


e « « as simple as regulating 
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When your bath cools you open the hot water 
...letitrun... then shut it off. At least 65”: 
of all temperature control problems in indus- 
try are just as simple—a fortunate whim of 
Mother Nature. Most temperature control jobs 
have large heat capacity —like the bath tub. 
A simple Foxboro “Open and Shut’’ Con- 
troller is the best for all such applications... 
for dryers, kettles, kilns, ovens, cookers, etc. 

For a quarter of a century Foxboro has 
solved 65% of all types of temperature control 
problems with the ‘Open and Shut” type of 
control. Millions of chart records have written 
the verdict: The simplest is best. 

If you are interested in results and would 
like to save money have a Foxboro Engineer 
survey your needs. Write for complete infor 
mation. The Foxboro Company, 46 Neponset 
Avenue, Foxboro, Mass., U. S. A. Branch 
Offices in 25 Principal Cities. 
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OPERATING TILL r W777 A----7 : 
TWO INSTRUMENTS IN ONE—< mm, 


bining atemperature regulator with 
an indicating thermometer gives a 
visual check on the performance 
of the regulator and makes it easy 
to adjust it for the required opera 
ting temperature. 

EASY TO INSTALL — Both ther- 
mometer and regulator operate 
from the same thermal system. 


an anan aaa 





TIT TITIT ITT TTT TT 


Write for Bulletin No. 229. . 
AIR OPERATED REGULATORS WITH 
THERMOMETERS — Our complete 


line ot compressed air operated 
regulators combined with indicat- 
ing and recording thermometers 
are described in Bulletin 226. 
THE POWERS REGULATOR CO., 2734 
Greenview Avenue, CHICAGO 231 E. 46th 


Street, NEW YORK — Offices in 45 Cities. 
See your phone book. 
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of Automatic Temperature and Humidity Control 
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IN tts '&.3 7 & 
Seldom have we printed a_ two-page 
feature containing so much “practical 
lope” as Batcher’s check-lists of cathode 
iy oscillograph applications (Pages 


be be ete Pa ) 


Owing to the interest that was shown 
in Dr. Eddy’s article on temperature and 
heating-rate control in our July 1935 
issue, we feel certain that the article by 
his associate R. J. Smith will be weleome 


Pages 90-92.) 


In response to requests indicating a 
videspread demand, we shall print sev 
eral articles on the latest calibration 
methods. Egnor’s (pages 93-95) will be 
followed by one from another company 
in a month or two, and later by others 


ilso promised to us 


With his rare knack for fascinatingly 
presenting technical subjects, Dr. Wil 
iams begins this month a new series on 
Penetration Hardness Methods. (Pages 


06-99.) 


THE FRONT COVER 


shows another of those beautiful tile 
enshrined control boards, by which the 
\tlantic Refining Co proclaims its ap 
preciation of modern Instrumentation 
Leeds & Northrup “Micromax” potenti 
ometers are easily recognizable. The 
round-chart instruments are Brown and 
Foxboro. The Kellogg Co. were the con 


iting engineers 


NOTICE 
ROTAMETERS 
Ta Q 
Philadelphia, I 
ry} has » liscont ‘ | 
Rot ind informs 
sale of the t 
_ reas rapidly 
It wa Pigs i] 








CRIMES AGAINST PROGRESS 


N the first paragraph of his annual progress report* as 

Director of the Biochemical Research Foundation of the 
Franklin Institute, Dr. Ellice McDonald says: 

“We take this opportunity of laying before you ... what we will be 
doing in the near future ... an example to other laboratories to offe: 
their programs so that there can be none of THAT CRIME AGAINS1 
RESEARCH—DUPLICATION.” [Capitals ours. ] 

Congratulations to Dr. McDonald for summarizing in five 
words an important plank in /nstruments’ platform—a policy 
we have set forth in fifty (or perhaps five hundred) words. 

Needless duplication is not only a crime against research: 
it is a crime against industry, against progress. 

Moreover, we are impelled to elaborate on Dr. McDonald's 
epigram, by declaring that another crime against engineering 
progress is RETARDATION. When an improved method has 
been discovered and has reached the stage of practical embodi 
ment, it is a crime to retard its adoption in any field of appli 
cation where it would reduce the sum total of human drudgery. 

To prevent such crimes is the part of good citizenship. Jn- 
struments does its part. Several features of this magazine art 
designed to prevent needless duplications. The entire magazine 
serves to prevent needless retardation. 

Every noteworthy act of good citizenship is opposed by “the 
forces of reaction,” by organized crime, by crime-profiting 
politicians, etc. We take pride in being opposed by certain 
influences. . 

Every noteworthy act of good citizenship is criticized by 
well-meaning reformers who don’t always see the value ot 
other schemes than their own. An old subscriber (who is a 
genius in his own field) criticizes us for including the “‘Instru 
mentation Forum” as a regular feature in every issu 

“T suspect that certain companies exploit your Forum as cheay 
consulting engineering service. ... Let such companies pay for consultir 
services what they are worth... .” 

Extract from our reply: 

“Of the fifteen problems which have been published so far, 
came from large companies or institutions which do their full duty 
supporting research—companies like General Motors, duPont, ete., a 
government departments which employ a number of scientists. Wher 
firm (large or small) tells us of a problem which we believe requires 
consulting service, we do not print their problem but simply refé 
to consulting engineering firms, laboratories or individual cor 

including you. In one recent case, we practically told the 


firm that they should hire a physicist. We never charged a pent 
printing a problem. The $5 prizes are paid by Jnstruments alone 

Civilization is being enriched by industrial firms maintain 
ing research departments, spending millons of dollars a year 
for salaries. If many research men wasted time in needless 
duplication, stockholders would compel reducing researc! 
budgets. Our Forum promotes the employment of more re 
search men in the long run—for exactly the same basic reasons 
that the labor-saving measurement and control devices we 
report in our columns create new jobs in the long run—if 
their adoption is not criminally retarded. 
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Indicate, record 
and integrate 
Steam Flow 
from the boiler, 
record Air Flow 
supplied for 
combustion 
and record Flue 
Gas Tempera- 
ture. The use of 


this meter re- 





duces fuel cost, Bailey Boiler Meter 
less ns main- 
tenance and outage, lowers standby costs, 


and adds capacity. 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units, 





—— 
Vulti-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 


water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 





the flow of coal or other 
» granular materials in 
gravity chutes from over- 
$ head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read ata 


distance of 50 feet. 


Coal Met Control Systems. 

Make possible the every- 
day operation of equipment for steam 
veneration and utilization at test eflicien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


e Information on any of the above Bailey 


sets will be gladly furnished upon request 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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NEW 


INSTRUMENTS 


In this department we strive to report each month ALL the new dey 
for measurement, inspection, testing, metering and automatic control 
the form of concise technical descriptions. 


When writing to manufacturers directly, please mention this departmer 


your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Air-operated Control 
Potentiometer 


Three of the maker's de velopments re 
combined into “Pneumatic Reset Poten 
tiometer Controller.” 1) Measuring sys 


em is “Pyromaster” (see Jnstruments 








April 1937, page 97 for general descrip 


ion: J vy 1937. pave 172 for technic 
details) nd Is ivallable vith thermo 
¢ ) resistance ermome+#er vi 

! elements 4 Pneumatiec-relayv sv 

ten l “Free Vane” see lnstrume 
J L932 we Os \ucust L930, paw 
2133 Sept 1936, page VES (33) Auto 
tic-resetl feature recentiy Infroduced 
ee | wane \ ebruary 19388, page 
iY) sy means of upper knob, visible on 
lustration between. the ir-supply ore 
d e ( trolled-air-line gage, the 
CEE ) eset ray bye idjusted: by 
neal of lever at left, throttling rang 

aT djusted by means of knob 
nad or utomatic control n y ie 
ected Other idjustments, too, ire 

ect ityle The Briste ("a Walerhu 


Fluorescent Chalk 
\ newly developed fluorescent chal! 
ippears and marks like ordinary chalk 
under normal light. It glows in the dark 
with a strong green light when irradi 


ited with ultraviolet ravs An obvious 


use, therefore, is jotting down memo 
randa during the course of a fluoroscopic 
examination, when a u-v. source is handy 
New material ids iso) lecturers who, 
vhile showing projected pictures, wish 


to display visible written messages, espe 
cially during the showing of moving pic 
tures with sound Westinghouse Elec \ 


Vfrha. Kast Pittsburgh, Pa 





Photocell 


of the blocking-layer type is annour 
Its one-piece molded Bakelite housir 
provided either with prongs to fit 

tube socket, or with binding posts 


self-generating cell proper is on. “I 


trocell” element with an active surf 


of I's, diam. having a sensitivil 
thout six microamperes per footear 
These elements are said to. be pre 
nently stable (continuous EXPOSUTE 
direct sunlight for nine months is 
to cause negligible loss in output 
have the highest spectrum ethiciency 
tainable, and to be rugged enoug 
make special care in handling unne 
sary The Hickok Klectrica / 


ment ¢ Cleveland, Ohio 


Optical Protractor 


\n example of optical principle 
phed to pr ictical production met 
this new instrument is used for me 
ing and checking the exact angular 
tor between surfaces, edves ina 
Phe “BAI Optical Protractor” doe 
sume work as the sine bar, with the 
vantage, it is said, that direct re 
replaces i. combination of mensur 
ind calculation. No mathematical fac 


IS required on the part of the opel 





Angles to one minute of are can be 


directly off scale. Protractor is selt-« 


tained, requires no accessory ppt 


in use, can be used for setting up 


on jigs, boring, milling, drilling, gr 
ing, planing and shaping machines, 


useful for determining tapers, dovet 
erooves and all sloping or angular 
faces. For using the instrument 
round stock, the slotted V base 
secondary level is provided Scale 
vernier are completely housed in 
casing into which is also mounted 


level vial, correct to one minute of 


Bausch & Lomi Optical ¢ ». Roches 


V8 


\ dry-disk  self-generating phot: 


as 


inh SEC. 
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Vacuum... . 
Thermocouples 





Ranges from | milliampere to 10 
amperes, in either contact or sep- 
arate heater types. Prices from 
$3.00, quantity discounts. 


Write for Bulletin “A” 


AMERICAN 


Electrical Sales Co. Inc. 
67 E. 8th St. New York, N. Y. 

















S$-M-0-0-T-H 
VOLTAGE CONTROL 
for A.C. circuits 


The Type "TH" Transtat is the new 
continuously variable auto-transformer 
regulator . . . the ideal voltage con- 
trol for a.c. circuits. It offers high ef- 
ficiency, good regulation, great flexi- 
bility and dependable construction at 
moderate cost. Standard types are 
available for controlling voltage to 
single- phase and polyphase loads 
rated 10 Kva. and smaller, 50 or 60 
ycles, 115, 230 or 460 volts. May we 
send you bulletin 51-1 which contains 
omplete data? 


RANSTA 


VOLTAGE REGULATORS 


AMERICAN TRANSFORMER CO. 
178 Emmet St. Newark, N. J. 











Furnace Atmosphere 


Humidity Meter 


Developed for determining moisture 
content of itmosphere in industrial heat 
treating furnaces, but obviously suitable 


for other applications, a new type. of 





dew point apparatus, known as the De 


point Potentiometer, consists of 1 pol 
ished metal mirror located in’ a small 
chamber Opposite i Sight vlass: means 
for cooling the mirror and heating it 


when necessary; and means for reading 

its) temperature Gas to be tested is 

passed continuously through the chan 

ber. In normal use the temperature of 

the mirror is lowered by directing again 

its back a jet of cooling gas from a stor 
+ 


ore ink. through in eNPANsSION NOZZLE 


lined up with its center \ spot of dey 


ippears \ hen the dew point temperature 
of the gas is reached. A miniature lany 
serves as the heat source when measut 


ing high dew-point temperatures. Forma 


tion of dew it center of mirror is det 
nite, hence easily observed. \) fine-wire 
thermocouple it the back of the mirro 


balancing circuit with direct-reading 
millivoltmeter; a thermometer for reter 


ence-junction temperature; and acon 
pensator for reference junction adjust 


ment, constitute the means for obtaining 


the mirror temperature at the instant 
that the dev ippears I} is enables con 
version to the weight of water vapor pet 
cub foot of was, or other convenient 


unit Range of dew point temp pel itures 
is trom LO° RF. to +180° 1} (re 
chenectadu, N.Y 


7] r 
Itleetriec Co 


Neutral Wedge 


Photometer 


‘Amineo” neutral wedge photometer S 
for precise determination of micro nad 
macro quantities of lead, fluorine, arsenic, 
organic spray residues, for determining 
extent of damage to wool fibers, for 


} 


many other subst 


tically ill clinieal determinations using 


inces and fer prac 


color reactions. Quantities as small as 


10-8 grams are said to be accurately 
measured. With a complete set of color 
filters co: cring entire visible spectrum 
in small s of narrow bands, together 


with data iu at can be supplied by manu 
facturer for a particular instrument for 
converting seale readings into pe reent 
transmission or density units, useful 
ibridged spectrophotometric curves can 
be obtained for anv colored solution 

{merican Tnstrument Co 8010 Georaia 


{ve., Silver Springs, Md 
















































A BRAND NEW RCA 
AC OSCILLATOR AT 
LOWEST PRICE EVER 

























He ’'S anew instrument 
at a sensationally low 
price! A typical RCA value, 
it offers a sparkling array of 
fine features. They include a 
giant 6':” direct reading 6 
band dial with a spread of 
over 50°... one-volt output 
.»» RCA Metal Tubes... and 
many others. 

This splendid new instru- 
ment comes in a snap-handle 
case with attractive blue-gray 
wrinkle finish. Write to us 
or see a local RCA Parts Dis- 
tributor for full details 
you'll be amazed thatso much 
quality, so much value can 
be offered at so little cost! 


RCA presents the “Magic Key 
every Sunday, 2 to 3 P.M., E.S.1 
on the NBC Blue Network. 
Over three hundred million RCA 
radio tubes have been purc hased 
by radio users In tubes, as in 
parts and test equipment, if pays 
to go RCA ALL THE WAY 
{sk 


cena «to Camden for 





NILE D 





ment on RCA'Ss teles n 
tube announcement 


Luft 


RCA Manufacturing Co., inc., Camden, N. J. 


A Service of the Radio Corporation of America 
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One-ohm Standards 


These one-ohm resistors represent an 
LAN modification of the Thomas type 
standard developed its the National 
jyure f Standard Keven during the 

first Tew months 
ifter manufacture, 
maker re ports, 
thes have been 
found to be more 
stable) than well 
ived resistance 


types These stanc 
in termis ot t} 
Absolute Oh 

hiic how ill becon 
effective is of January 1, 1940. In a 





standards of other 


| 


irds are adjusted 


i 
th 
i¢ 


c 


cordance with a preliminary announces 


ment of the International Committee « 
Weights and Measures, this unit is take 
is having the following relation to tl 


present International Ohm: 
1 Int. Ohm LOOO+S Abs. Ohms 


Certificates may be obtained from tl 


m 
‘nh 


i¢ 


National Bureau of Standards, giving 


the value of a particular standard to 


one part in a million, in terms of. tl 
hm as maintained by the Bureau 
Leeds \ Vorthrup (‘a / Stfente 
lve Philadelphia, Pa 


Valve Operator 


A 


\ second and much larger unit, “Model 


Co” added to “Type l” line of mote 


” 


valve mechanisms, is designed to oper 


ite slip stem valves for heavier pressures 





nd in the larger sizes. The mechanist 


rated exerts an opening and clos 


ing force on the valve stem of 2000 Ibs 


vith 5 per minute movement ind 2! 
stroke Strokes up to 10 ind speeds ‘ 
}” to 10” per minute are available, wit 
corresponding changes in power \ nove 
power release feature positions the valy 
it detinite open ind closed points revare 
less of variable motor drift This mecl 
inism can be used either for full ope 


f 
h 
| 
e 
1 
i 
n 


ind closed Cpe ration or tor “throttling” 


control lufomatu Temperature (or 


frol C'o Ine Kast Loaan S/ Phil 
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Barkon COLOR 
MATCHING LAMPS 











Barkon Carbon Dioxide Lamps 
provide a technically accurate ar- 
tificial daylight—do not change 
with age—a standard light source. 


Write for Literature 


BARKON - FRINK 
Tube Lighting Corp. 


Long Island City New York 




















CAPACITANCE METER 
Measures 
Electrostatic 
Capacity 


Anywhere 





\ new instru 
nt If on 
{ in with 
hand Ler tor 
soure test 
current l 
wis t 1\ It 
u ) chere 
Read irectly 
(like tmet 
ero ‘ 
t t tical 
for | lel (Cir 


Designed primarily for locating open 


ircuit faults in power cable this new 
instrument is finding a variety of mis 
cellaneous uses in shop, laboratory and 
field for capacitance measurements of 
ible eondensers and machine \ 
simple to ust ind is rugged i 
Merger Insulation Tester. Ranges up 
to 10) microfarad reading i low a 
1 microf id 
\ hop tv} instr nt without 
it ti compensator read to 
low a O0002 microfarad on a seale 12 
inche lon ind using 60 eyecles supply 


Woute fe Bulletin 146 l 


JAMES G, BIDDLE CO. 


ELECTRICAL LSA instre MENTS | 


inte 








1201-13 Arch STREET ~ PHILADELPHIA, Pa. 











Dual-range “Clip-C 1” 
Ammeters 


Three new models of the ‘¢ ) 
ammeter, an instrument combir 
hinged-core current transformer 
21,” milliammeter (see /nstrumen 
1932, page 54: Oct 1933, page 19 
1937, page 6) are announced, « 
double-range ammeter: “Type | 


7.5/75 amps; “Type 1” 0-25/151 
ind “Type XX” 0-300/3000 amps e} 
are now ten standard dual-range mod 


of which types “H” and “XX” rey 
the extremes. Special models can | 
plied with various combinations f\ 
scales from 7.5 to 5000 amps.—F’e 
Blectric, Ine O Rockefeller Pla 

York City 


Thermal Analysis 
Equipment 


“Rockwell Thermal Analizer”™ is 
rect-reading and autographic dilat 
consisting essentially of a 3” % 12 
tric furnace, fixed and movable gq 
tubes for positioning specimen and tr 
mitting its dimensional changes, a 4 
indicator with a seale range of 
graduated in 0.00007”, a round-cl 
corder with corresponding scale 
hr. rotation period, rheostatic co 
ind provisions for either automatic 
stant-temperature control or auton 
temperature time program contre | 
addition to model illustrated, other 
available, including One sO designe 


entire dilatometer issemmbly (still 








sample) may be rapidly removes 
floor stand and furnace to quence! 
ple ind = obtain uninterrupted 
and quenching curve After initi 
bration to obtain constants of 
support and feeler (procedure sai 
simple), il unknowns affeeting ce 
nations of expansion coethicients 
to be eliminated. “Analizer” recor 
said to show unmistakably all tt 
mations and criticals in ferrous 
lurgy ind to pre rmit also a wide 
of other investigations The Sta 
Rockwell Co. Ine ‘() Hlomestead 
Hartford, Conn 
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ane os 
Water Meters 
Recorders on Boiler 
ment and Control Panel. 


Write for Publication 2096 giving details 


COCHRANE CORPORATION 


120 N. 17th St. Philadelphia, Pa. 








SPECTROGRAPHIC 
EQUIPMENT 





A complete line of spectrographic 
equipment including Spectrograph, 
Comparator and Micro-Densitom- 
eter. For qualitative and quantita- 
tive analysis. 


Spectrographic Laboratory with 
rained staff maintained to train 
your operator. 


Distributor for Applied Research 
Laboratory spectrographic equip- 
ment. 


PRACTICAL—SIMPLE— 
| ACCURATE—ECONOMICAL 





Write 


HARRY W. DIETERT CO. 


9330 Roselawn Ave 
Detroit, Michigan 











Enclosed Rotameters 


Qutward appearance “more like 
instrument,” lower prices made possi 
ble by simplifications, and a ball float 
which is one of these simplifications 
characterize Nn ¢ 
“Universal” mode 
of the Rotameter 


now produced by 


this maker (sec 
Instruments, Oct 
1937, pace 250) 


details of new con 
struction, with 
tube enclosed — in 
polished brass case 
ind knurled) brass 
nuts holding the 
ilso) exemplify 
simplification, be 
ing standard pol 
ished-copper — pipe 
fittings N e@\ 
model is made in 
sizes) trom il 


lustrated 





can indieate as low 


is 0.05 eec.,/min. of liquid, ind largest 55 
v.p.m. 5 for gases, Lo omil./min to S ft 
min. Pressure limits: 100) Ibs./in tor 
sizes up to %, ind 50 Ibs./in.? for sizes 
from | tO = Fischer \ Porte ( 

O West Pe St... Germ f Pr 


le Iphia Pa 


Two- and Three-phase 


Watthour Meters 


Phe eight and size of two ind three 
phase polyphase watthour meters has 
been iaterially reduced without eri 
hee of mechanical nd eleectrica ( i" 





two-phase mete! 


icteristics In the 
(right) the two elements, acting on the 
same disk, are smaller than heretofore 
ind, because of their low inherent et 
rors and the pp vlied overload compensa 
tion, are said to be highly accurate. The 
disk, mounted on an aluminum-alloy 
shaft, is novel in that it is constructed 
for minimum interference. [t is made up 
of several radial-slotted laminations, as 
sembled with the slots) staggered = and 
separated by very thin i sulation. ‘The 
three-element meter (left) has two ele 
tric elements acting on the lower disk 
ind the third element on the upper disk 

(lenera Klectrie Co Nehenectad \ 


Illustration SHOWS 


end. fittings. These 


fifths ictual di 
MenSLONS, overall 
length 16 to 
Ps Smallest unit 








Precision Registering 
at High Speeds 


Durant Productimeters for high 
speed counting are precision in 
struments built under exacting 
specifications. Model 5-BDW-7 
above is a ballbearing revolu 
tion counter capable of 5000 
counts a minute. It is designed 
for such high speed work as 
testing, coil winding, and rev 
lution checking. 


Insure accurate counts over a 
long life with Productimeter 


Productimeters 


THE SPEEDOMETEDS OF INDUSTWY 
~ ~ 


DURANT mre. CO. 


1930 N. Buffum St., M 
182 Eddy Street Pr. »vidence R. 
Sales Offices in all principal citie 


TELL US WHAT YOU WANT TO COUNT 








Ultra 


Thermostat 
(AFTER HOPPLER 
Temp. Constant 0.02° C 
Temp.Range —35° to 250 C 


For 
REFRACTOMETRY 
VISCOSIMETRY 
SEROLOGY 
Completely 
self-contained. Delivers to 


the instrument for con 
+f 


automatic 


tinuous service 5 liters 





constant temperature liq 
uid per minute 
Bulletin H1 


HOPPLER VISCOSIMETER 


For determining the ABSOL UTE viscosity 
gases oils greases varnishes v sus tars 
syrups according to the FALLING BAL L Principle 

Direct readings in Centipoises (or Centistokes 
Small sample (30 required. Results nsistent 
and reproducible 

Range: from 0.01 to 1,000,000 Centipoises 
Accuracy: 0.01% to 0.5 


featlable at leading laboratory su 


Bulletin HV -25 n request 
on Jena Fritted Glass Filters 
Be sure to send for our new 20-page catalogue 
JL 270. No modern chemist should be without this 
valuable book overing filtration 3eration and 
related subjects 


FISH-SCHURMAN CORPORATION 
250 East 43rd Street New York City 


l S. Agents 
Jena Glass Works, Schott & Gen. 
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Grating Spectrograph 
and Equipment 


\pplied Research Laboratory Spec 
t r l ad ¢ a ( nad 
! SIT meetil ( Cllr needs 
ol ‘ cle bor ! micah 
ini ntyr ( ese Ch prot 
eu 1 j if l l juant 
ive Te na 
Te It i ( ei 1 





Fig. 2 

resolution and dispersion ith high ser 
itivity ind peed \n irc oor i high 
oltage spark gap is obtainable to volatil 
A he O7* being tested The camera 
utilize tandard $5-mm. motion pic 
ure tiln i! L00-foot roll Kach ex ’ 
ure 1 IZ * long covering 2200) A. 

\ projection comparator (Fig. 2) en 
ible the operator to project on screen 
thre pectra of known and unknown san 
ple for rapid identification of element 
present i qualitative inalysis Ihe 
photo-densitometer — comprise hatteryv, 
voltage compensating device ind micro 


unmeter to read line intensity for quan 


titative analysis at the same time that 
qualitative analysis is made Hlarry W 
Dietert ¢ ) Roselax live Detroit 
Viel 


Speed Ratio Control 


Phe gyroscope is being used to stabilize 
position regulater used to control the 


j { 
peed o 


one motor ith respect to 

reference speed In brick plant, tor 
instance, the peed of i cutter on 

brick forming machine must be controlled 
to cut equal lengths of brick from clay 
extruded at a very low rate. In the new 
vstem, a ma heel ride on the ex 
truded clay and drives one side of a dif 
ferentia the other side i driven at 

onstant reterence speed If thre two 


peeds do not match, the regulator re 


na to the differentia ind effects i 
corrective action. The function of the 
ill Vroscope l to “give in inti 
hunty iction to the regulator as if n 
ticipate ny deviatior from the refer 
ence position.” Since relatively — little 
er can be obtammed from the frictior 
driv breve operating on the clay, large 
unplification is provided in the regulat 
ing \ en that ] thre relatively 
rt KOWET required = Dy the output 
moto ‘ iM rt ad, a é oa | 
‘ itivi TED irted tf the control svs 
el Westinghouse le } \ Vi ( 
/ t Pit uragh, Pa 
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HAYS Chemisia MODEL 
GAS ANALYZER 
“4 really portalde 


Combines 


laboratory'’ accuracy with 
field'’ ruggedness 
and portability. A 
100 CC Orsat type 
analyzer with no 
fragile glass parts 
or delicate easily 
broken parts. 
Available in one 
two, or three 
chamber styles for 
COz, CO, and O 

Any desired scale 
range can be fur- 
nished. The opera- 
tion is speedy and 
convenient. The 
pressed steel case 
is only 18! 4 by 
7%, a 45. The 
weight of the 





three-chamber set 
completely charged, is only 15!'/p pounds. 
Readings can be taken to 0.05°%%. Write 
Dept. | 1-3-8. 


The Hays Corp., Michigan City, Indiana, U.S.A 











Automatic 
Protection of 


A. C. Circuits 


By G. W. STUBBINGS 
B. Sc., F. Inst. P., A. M. I. E. E. 


7. oo BOOK reflect the Naz 
ing levelopment ir large cal 


power transmil ion whic ha 
t Ke! pl IT (sre it Britai lu 
in th past decad under the 
G rnment ponsored Grid 
te I ubject matte falls int 
five mair livision (1) protective 
transf met! De 4 | inter nne 
tion f the transformer to forn 
protectis circuit (3) rela (4 
ddern method f protecting el 
tri l apparatu ind (5) the test 
ir f relay ind protective circuit 
rt lut is liberally illu 
trated : the iterial is logically pre 
nted ir lucid inner ind th 
whole pr id L conci treatment 
f ubject upon which it has here 
tof I nm ciffic t t llect oT 
! t I ta witl t xtensl 
! li fied publicatior 
It \. Bor 


5'/2x834 in., 293 pages, 209 figs 
$5 postage prepaid 


INSTRUMENTS 
PUBLISHING CO. 


7 WOLFENDALE STREET 
PITTSBURGH, PA 

















Inspection Gage fi 
Taper Plug Gage 


For the checking of tapered plug 

new inspection instrument has 
zontal bed, at one end of whicl 
idjustable anvil and at the other 





age blocks to the 


>. ° 
ips | recision 


small diameter are stacked or 

Placing a standard gage roll tangs 
each end of the stack, the anvil i 
set so that it and the gaging « 
ire both in contact with the. st 
blocks and rolls the shadow on the 


dial then standing at zero Replacir 
blocks and rolls with the plug 

lows its variation from true diame 
be read directly. Hlustration sho 
checking of the small diameter 
taper plug gage by means of the 
gage. Note standard 


She field 


Inspection 
either side of plug gage 


Cor) Dauton. Ohio 


Wind Indicator 


\ remote-reading system i 
nounced consisting of a cup-type 
mometer transmitter and of a. re 


mdibl ind 


which emits both 


y 


~ 
le |i 

~ 

: @ 

» 

. 

: 1 @ 

S 

S 

S (er 

, | © 

= 





signals in time with  primary-el 
rotation and at such ai rate th 
number of signals in one minute « 
ponds to miles per hour of the ¢ 
to which rotor is exposed. By re 

use of ball bearings, ete., make 
curacy guarantee is 1 m.p.h thro 
range. Receiver has toggle switch | 
except 


off electricity supply 


~ 


re iding is desired to be taken 


It storage or dry cell batter 


through resistor from higher-volt 


Is 6-VO 


supply, or through bell-ringin 
former from commercial a-c. Su} 
Julien P Brie \ Sons Baltim 


at ¢¢ fral {we saltimore Vd 











The All Purpose 
m VELOCITY METER 


‘* Alnor” 
V elometer 


Instantaneous 
Direct 
Reading 


No Timing 
No Calculations 
Write 
- for Literature 
ILLINUIS [ESTING LAGURATORIES, Inc 
42 W. Austin Ave. Chicago, Illinois 












Surface Temperatures 


Fiat . “ TT 
| Stationary The “Alnor 
a 7 
| Movies Combination Pyrocon 
Curve 
Surraces Ideal for rolls, molds, 


plates, platens and 
plastic material temper- 
atures. 
Write for bulletin. 


illinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago, IIlinols 








ALNOR Electronic Type 
2 PYROMETER 
CONTROLLER 


For all industrial 
applications 


Ranges 0-600 to 0-3000 





Write for bulletin 


ILLINOIS TESTING 
LABORATORIES, INC. 
142 W. Austin, Chicago, III. 














PYROMETER POTENTIOMETER 
Unaffected by VIBRATION or 
AMBIENT TEMPERATURE 





ne Balancing operation req 
1 by VIBRATION thus. trul 


suitable for ise if 
es ng airplanes 
Instrument A i egardle 
5 I indi temperature petwee 


8” Long. Easily Readable . . Compensated 

No Standard Cell . . . No Suspension Gal 
meter Single or Double Range Scales . . 
w Resistance Double Pivot Galvanometer ‘ 
i inside Instrument Measures 
Temperatures with 


Junction 


t phe 
rwospheric Thermocouples. 


Write for Bulletin 11-37-37 


(‘HE LEWIS ENGINEERING CO. 
NAUGATUCK, CONN. 


Several Sales Territories Nou Open 








Voltmeter-Megohmer 


Me rohmer hy 


is beet 


New “Model DM" 


re-designed so that it may be used as 
voltmeter with 


Older 


port ible a-e ind d-c 


instru 


volts 


range of 600 





had a range of O-L00 megohms, with 
S00-volt generator for insulation. resist 
ince measurements, with an extra bind 


Ing post to permit use is a port ibyle 
de voltmeter Redesign provides ul 
wxiliary scale to permit of using the 
instrument for both a-c. and d-c. voltage 


Sticht 


Herman H 
Place Vex ) ae OF 


measurements 


Electric Tachometer 


This new remote-indicating svstem en 


plovs an a-c. generator instead of a d-c 


magneto. Design features of “Model 341° 
venerator are said to be: no commutator 





rv brush, no. sliding contaets, a wind 


ind oil proot, totally-enclosec¢ 


Generator IS | 4 ony ind 


Cis 

35% 2” O.D., with shaft extending 
out 1 According to manufacturer it 
can be operated for years without atter 


R.P.M. 


HUNDREDS 





tion. “Model 43° indicator is of electro 
dynamometer type, can be furnished i 
SIZeCS up is scale length SCA re 
ivallable with ealibrations wn rp. 


f.p.m., Mm p. » CLP.S. ete. Combined ec! 


racy of svstem is “well within 2 
conditions.’ Mle 


Bayes Ave 


the most extreme 
Speed Indicator Co 


Lakewood. Ohi 








BECKMAN METERS 
for Precision pH Control 


SPEED * ACCURACY © VERSATILITY 
1 Model for Every Purpose 


Laboratory Model 

Lceurnc nd Ver 
} t j 

" Contir 


ur 
Industrial Model 

e) itt f 
ir ( ! Lu 
ptt = tt 
I 


Process 


Control Model 
Vu t Hi 
nd Ree 








© EAST COLORADO STREET, PASADENA 








Simplify 


your Gauging 
WITH THE NORTH SIDE 





AMPLIFYING 
GAUGE 


Used more rapidly 
gauges and gives 

results. Well adapted for uss 
by unskilled labor. Handles all 
shapes, up to 5 high on table 
and 8” in length between cen 
ters. All styles from universal 
(illustrated) to plain single 


1 


Highest work 


than sn ip 


more 


purpose models 
manship and best materials 


The North Side Tool Co. 


17-19 Maryland Ave Dayton, Oh 














Vehicle Speed and HEAR YE! HEAR YE! Amsler-Vickers 


Acceleration Recorder Hardness Testin 
" hied feature of sew Moa | @ TOSRASY TO READ Machine 


R-734-M Special Speed Recorder i 
RE Phe Saat sae because IT’S RED Specially developed for preci 





Ni et 
: d sts “tro tin to tungsten 
20-ft. ro 4 Genuine Mercury Thermometers with — aga Feige ide scale, inde 
P : sme os a wide RED column are in demand FONG, (ees new  Aniiber.Sie) 
j everywhere. 


Cost no more than plain mercury 


Can be seen at’ great distance, 


1 
through steam, smoke, dust, et 


Gsuaranteed accurate, reliable and 


lependable 


Specify, on your next order 


PALMER 
““‘Red-Reading-Mercury”’ 
THERMOMETERS 


or selected tubes 


siiory civetve | THE PALMER COMPANY 














- MANUFACTURERS | 
. | en eve 
l rit ( 1 ( 1S. 7TM | / it un 1 I l 
/ , nec hich it 
N .) Ave ( 4 N ©) ; : ‘ “ ; S 
( ( ri st l j 
’ ; } K & ( ge S I f vel el mn 
iv \ i 1 iit \t 
Speer ‘ ring mec I 1¢ if 
ii l ~ (I { ! eal 
( eed 1 
J 1%] 334 LEC i ‘ i 
s \ $ 1253-42 el 1 CCl OS] \] 
‘ ‘ ( 1h? { ! l ! 
eter r 1 tel a I 
‘ ( rigl ir e t ( 
‘ urec 1 tive \| Hine 
¢ ! tile re { { 
i ‘ ( rt bre i Trae Vicke dian 
f er ( rt re id Brine ; or ko & 3 
yr fy ( ‘ ( iW learances: rout yd 1 
: To Gauge the Progress liam.; Che : about 12 
, raduatior “Hitt oft test-pue Hout b tron 
mil 7 front or rent 7 on Hyayne lest ais 
" aeieetig syed of Today’s Accelerated , : : 
‘ ” 1N¢ } OT ! ) P rement 
‘ it ferres | Te Pek / ‘ 
ide a 


Place, New Yo | | In Industry, Science ‘ . 
Plug-in Resistors 


and Transportation . .. 


Sensitive Relay Origir lly developed several ve 
\ lan ‘lab The need for Accurate idl og poli oranan rs plant 
is ic ci Timers assumes Greater ee nish 
sciabeties Importance . . . coe ee 
{ ct Ohms in leohm step L'nits cor 
GUINAND; GALLET DetGa. ata Pitas acuta 
bobbir nd ther oused it 


BABIN | GALCO ond SECURITY [i aia aa 








l Lo ° o (Mn | 
Relati Timers set the Standard for ; : > or er 
Enduring Dependability — bove 10 ohms, and : 20 
vetweel! l nd | Ohms. Re 
silos’. leans. acca Write for Catalog 7F “4 Pen jc tie igi s a es 
ed i \ . maximum accuracy of O5¢ AY 
eri I ertor nee JULES RACINE & of oF CONTINUOUS Sate er 1 Wes I 
ar le Mount | 20 WEST 47TH ST., NEW YORK Fyn 9 vf i 
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EST MAGNETIC 
PROPERTIES 
F YOUR STEELS 





RAWSON FLUAMETER 
SIMPLEST AND MOST EFFICIENT 


( eters, wattmeters 1 

| oltmeters Als »u i-sensit 
oth f aC fe Dx thux 
lectrostat voltmeters I 

e 120 volts ver 20.000 S 

C¢ uples, eath current meters, 

sters, etc 


icknowledged leaders in 
pment of high sensitivity meters 


RAWSON Electrical Instrument Co. 


CAMBRIDGE, MASSACHUSETTS 
15 E. 20th St New York 
313 W. Randolph St Chicago 


Special Apparatus Built to Order 














DEAD WEIGHT 
GAUGE 








R. S. Dead Weight Gauge 
| gives accurate reading ot Gas 
| Pressures by Dead Weight 
| Method. Readily Portable and 
Constant Calibration. 


THE REFINERY SUPPLY CO. 


23 E. 4th St. Tulsa, Oklahoma 











Ultra-violet Source 


\ new “highly flexible” source of ultra 
violet radiation, “Type H > Uviare,” con 
sisting of a quartz-tube mercury vapor 
ir¢ mounted within a special reflec 
on oa portable laboratory stand, is oper 
ited from in 120-volt or 2B20-vo ( 


line through i portable ito-transtormey 





supplied. Sealed mercury vapor tube 
high radiation Characteristics In ) 
near and tar ultra-violet) zones; has 
rated oper iting life of 2.000 hours. New 


unit is self-starting, is also “universa 

burning,” operating with equal efficiency 
many postition The 6” are tube operates 
it $00 watts out of a 410-watt input 


supplied to the iuto-transtormer, 7 


87% Radiation at il wave-leneths in 
the ultra-violet region is stepped up ac 


cordingly : 


Quartz tube is mounted within a_ re 
flector hood, chromium plated for high 
ultra-violet reflection, concentrating radi 
ition within a 90° angle, and so designed 
that two standard 6 6 filters can 
tye slipped in »! ie for selective filtra 


tion. If desired, unit can easily be built 


In as a part of permanent equipment tor 
industrial radiation For test work 
requiring port ibility, iuto-transtormer 


COTES equipped with a removable handle, 


ind the supporting stand for reflector fits 
in p! ice in bracket on end of transformer 
to from a self supporting unit (fenera 
Klecetrie Vapor Lamp Co S/ Righth st 


Hoboken, N. J 


Color Matching Lamp 


“Model FE” is small booth-like bench 
model of — the irtificial-dayvlight-source 
introduced several months vo (SCE / 
struments, June 1937, page 1L50) but ha 


similar illumination characteristics 
Ilumination is due to an electric dis 
charge in carbon dioxide. Spectral dis 


tribution is close to that of cloudy north 


skv light and to international standard 
curve. This) chromaticity remains ut 
changed by reason of continuous supply 
of fresh gas, which is the basic feature 
of the method New models ire Zé 
long, 12 wide, IS high, ind ivailable 
is Tollows 

Model “F-]" “F-2” “F-3” 
Watts 25 125 625 
Foot-candles HO) St) 4 
footeandles being verage oft readings 
taken at normal working distance, as i 
comparing textiles... Barkon-F ri Duly 
Lighting Corp Bridae Plaza, L 


Island City \ ) 








MAGNETOMETER 





A highly convenient instrument for the 
measurement of the strength of perma 
nent magnets by comparison with 


) 


standard. Described in circular 425 


OTHER PRODUCTS: Galva neters, elec 
trometers poten rie s ri neters 
colorimmeters, Wheatstone and Kelvin bridges 
resistance standards, resistance boxes, split 
core transformers ircronograpns 

1vk ‘ 
29 N. Sixth Street Philadelphia, Pa 

















INSTRUMENT SWITCHES 
and 
ACCURATE RESISTORS 


SINGLE 
OR 

_  MULTI- 

} DECK 






These switches can be supplied 
with various number of contact 
points, are compact and rugged 
with very low contact resistance. 
Modifications of standard switch 
can be made to suit various re 
quirements. Switches can be sup- 
plied with resistors mounted. 


Resistance 
Range from | 140 
ohm to 10 \ ee 
megohms LS 
The Shallcross wire wound resis- 
tors are used for decade assem- 
blies, accurate to | 10, | 2, | 4 
and | ¢ Le 


Send for Bulletins 500-H and 121HA 


SHALLCROSS MFG. CO. 


COLLINGDALE, PA 
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Gas Detector and 
Automatic Alarm 


Ne ( BAB” continuou 
lots + . irr 
t ( i \ I ! 
‘ { un at Ing 
‘ ‘ l rot Tal thrai 
flexi | | nes reach 
i l I ai ue oft l 
te \] rity t ‘ fron 
l ! ( ( «ait 
‘ ( ! tole ! er torn 
‘ ‘ { { ‘ { { l 
" ‘ cit ead « ! aa | 
{ ‘ ‘ rie ‘ ‘ ‘ ll Wiel 
| rie I rel ‘ I required 
Three cor ‘ it f 
( ele ! ri Litt tea 
merati on elect ri response to chen 
7 olorimel ri reaction: contro 
ime ith instrument, meter, signal light 
et< r-proot hen required > multi 
ther ent ith wre 
‘ I r ut " reliet ‘ 
ir 1 " tor ma er explo ho 
equires | ential }) rt 
bev t dard equipment, replacement 
re obtal Die Tromp ton UpplV houses 
perati nd 1 intenance cost 
{ ‘ eghyible ervicing being 
‘ iredl ever | o 20 davs, depending 
of inst tio Sensitivity os 
tole " hnvadrogen ulpohrick i} 
! Poy Nal ( rh hiay 1 
‘ ‘ ‘ ( ration of 
l Rau { cle 
( ‘ ! ad 
ecte | i t CCl " 
detector » ‘ BO. Busi 
\ / R / / f 
~ . 
Profile Projector 
Suitable tor tive ive! re Too nad in 
ret yy, me Leit Simplified 
Ir | yee ) intended for oi 
( 1 ‘ rs templets 
es, ete. Part to be inspected is placed 
agmpound table having micrometer 
a rhe l l bat directions 
I contour, magnified 1 Liv ul 
2{ i Tee SCS l rojected 
"1 air wv IM qd adirectly 1 Tront 1 
1 trument Opera con re nitline 
it tan ra air nd can me re 
deviations tron standara ny mcans T 
oO micrometer CTE’ ttached to cross 
tole t rie Ss ( Tylon i! 
t ( l ( s¢ 1 ‘ t ai ( SLOT ucl 
at CT | t (tl at nstr I ent 
\ « ( Der ’ ul 
ryle eabu ( ‘ ( r mol 
iIncIp fi ‘ ner s said t 
tee S ‘ rmietl ( 
Cl chaired ( the 
t \ el ely Dbviating 
eed f | xture l read 
‘ t ‘ Viblne iK ~ 


fy this STOP CLOCK 
= ~ FREE... 





If you want a modern, accurate 
easy way to measure elapsed 
time up to | /200th of a second, 
write today for a 


STANDARD ELECTRIC 


STOP CLOCK 


Has large, easy-to-read dial, 
handsome walnut case, handy re- 
mote control switch. Is ruggedly 
constructed for many years of 
trouble-free service. 


Try it for 30 days at our expense. 
If not satisfied, you may return 
it for full credit. 


Prompt shipments from stock. 





THE STANDARD ELECTRIC TIME CO. 


Springfield, Massachusetts 
BRANCH OFFICES IM PRINCIPAL CITIES 











WHEELCO Portable 
Potentiometer 


@ >} 1esiz 1 1 
eH i i ! 

¢ tu , Fal é 

de t I 
@ \ i | t \ 
| € 

@ Mad i del 

} ’ dif 
@ ‘ 


Wheelco Instruments Co. 
1983 So. Halsted St. Chicago, Tl. 




















ire taker between centers and 


checked not only for form, |e 


ingle, Dut for concentricity 
swivels 12 in either direction 

, 
vide sharp images of screw. thre 
to 12° helix angle. When instrun 


not im use, drawing board). slice 


into base, protecting drawing 
in Space (reorde Scher) 


Lafauette St Veuw York Cit 


Machine-balance 


Analyzer 


Placi the balancinge of 
location” on qu ntitative basis, 


balancer, which can be carried 


suitcases, reduces the number 

runs to two or three md simplit 
determination of correction ely 
tion and amount to instrument re 


ind elementary arithmetic. Basic 





was described in article by F.C. | 
ing, Jnstruments, Sept. 1935, page 


231; but balancer now ivall 
simpler \ sine-wave ilternator 
larger than an. office-fan motor, 
nected to the shaft of the vil 
machine Ih stator of this 
can be shitted it will to cont 

phase relation \ vibration pik 

held against the vibrating body. The 
put of the pickup, suit ibly oan 
is fed to the voltage coil of an ind 


vattmeter: the output of the sine 


ilternator too goes to the curre! 
By shifting the alternator stator 
tain zero and maximum wattmetet 
ings, the position and amount of 
tion weights for selected planes 


I 
quickly determined. New balancer 
to be good for the most comy 
eases of vibration. Hlustratior 
ipplied to a centrifugal casting nl 


West j/ use lect \ Vi 
East Pittsburgh, Pa 








Video-signal Source 


television experimenters, design 


testers, a new tvpe of video sly 


ree obviates all need of waiting 


s or weeks to tune in on desired 


ind of out 


fvuring 





of unknown scanning techniques 
(Greek for 
form of 
tube wherein, In place of the usual 


“Phasmajector” nage 


is a modified cathode 
scent screen swept by the cathode 


eam and glowing to form an im 
there is a metallic plate on which is 
ted the desired picture or test pat 
Pube includes 


iddition 


i collector elec 


to the 


ilso 


le, in conventional 

ind deflecting electrodes Operat 
rinciple is the y iriation of second 
emission from image plate. Varying 
ve output, picked up by the collec 
electrode and fed to the grid of a 

unplifier, is highly stable and is 


to be “of much Detter qu lity than 


he obtained from a photoelectric 


1¢ pick up tube” because of ibsence 


( wicitance effects. Circuits and prin 
es involved are part of maker's “sim 
television 


fied high-definition” system, 


receiver of which need be little more 
high-grade short-wave receiver 
if eathode-ray tube in place of the 


loudspeaker. “Phasmajector Type 
Sarnic operating 


34-XH 3 


voltages as the 
tube, 
ol i line drawing of Abra 
Lincoln fllen Bo DuMont Labora 
Vontelai NV. J 


cathode-ray 


tS pl ite 


1? 
é ppei 


il 


Planer Gage 











LUFKIN 
Ne 900 


‘Master™ 


} + 


planer and shaper 
oO maker’s line will properly han 
any jebs be vond the limits of other 


iner gages, it is 


said. Proper cut is 
tained by setting the gage to a mi 


ometer, a surface gage or calipe r, then 
in planer tool in contact with it 

With the extension, tool settings from 
9" can be made; without it, the 

eis % to 61 This gage serves 


is an idjustable (sliding) parallel 
n be employed with a 


ding angles; 


sine bar for 


with 


also rage blocks 

















preventing a side play hye 


1ci¢ 
tightened, at anv location by clammy 
Gage can be used on base, on end, 
flat on either side, is both slice nad 
ire within utside idth Tt tease il 
both sides re ground square with 
working edges Base is . 1de, 
long, ind fitted ith leve Luft / 
ar Nag Viel 


Exposure Meter 


Designed for use over a wide ranyue 


1) } , Gh 
illumination levels in taking either sti 


or motion pictures, this nev 


exposure 


meter employs same photocell as used in 





G-E light meter. Novel feature is dire 
tional hood: when pointed it a norm 
scene, full horizontal ingvular vidth o 
camera is included, but much narrow 
er vertical ingle is included, to mini 
mize error caused by strong sky light 


This hood is provided ilso with 


t 


slotted 


eover which, when opened, INCTeASES SECT 
sitivity by 10 to 1. In extremely mw al 
lumination, hood may be removed and 
inother increase in sensitivity of @ppror 
10 to | obtained Direct-reading seal 
vIVeS ilues and exposure readings for 
TOSst popular films. Values for emulsior 


of other 


caleulator on hood) hich trar ite 


tained by using 


foot-candles into shutter speeds for any 


film and lens aperture 


With hood re 


moved, instrument serves sa lioht 


for use in home, office or factory (re 


KMleetrie Ce Schenectad a 


THeLel 





HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
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Cathode-ray Tube Application Check-lists 
CLASSIFICATION, SPECIFYING ESSENTIAL and OPTIONAL AUXILIARIES 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


| table. on . lists a number of tests In various EQUIPMENT ASSOCIATED WITH APPLICATIONS LIs 





f 1 wi ithode-ray quipmen has pro 1 A—Lint ne base 
] 5 t ‘ 
| ct o es ipplications auxiliary quip B—Cire is 
] ( \ ical detlection amplifier, suitable tor the trequencies 
vy in addition to th be itself and its apieelaricatintss ; 
: . D—Hlorizontal detlec n mplifier, suitable fe the trequenctes 
wr opow PPL For th ik MT simplicity this 
on | Vib ck-u ‘ m fre 
t . ilpol illv im the ) ty ‘ n , : 
‘dees . ; ‘ ; : ; I Synchronous time base ontrolled by the device under 
ms A referred t mm th main table Dy (;—Audio oscillator (usually beat frequency) 
} t rs tim—Intermediate-trequency scillat 
| | ' I—Radio-trec ney oscillator 
| ! s howe ; eeway in the type of appara eaters si seaiaana 
JI . 
, . I—Synchronous trequency changer (wobbler) 
t ed in many of the tests. and doubtless other se 
: K—Photocell (with amplifier) 
}? wil YUE RES Ht SEIVES ; NeIneers l s microphone with amplifier 
Tn the ill ist. ODVIOUS Variations are shown 4s \ M—Connections required to modulation grid ot the cathode 
B ndicating that either item \ yr ite B can N—Camera or photographic recorder 
7 ced O—Special units to effect time base synchronizauon 
l 
’ ' f , , P—Pressure pick-up, with amplifier (for low frequency or steady 
| “ it seen nea nos rT lhe ) re’? wi WO! 0” 
’ sures) 
, : ' ] . 
yrap rise eq pu if ft i is now ivallable CONTAINS tems O—Special conversion units transform functional ettects } 
: < 
A.C, and D tion potentials 
Where an item ippears in parentheses, such as (N), R—Radio receiver (in some cases of special design) 
S—DN tion co 1 P | 
iis indicates that its use is optional fagnetization Is, and flux search coils 
. . l Detlection amplitude control means 
In many ipplications deflection amptlit de must be 
. ’ | klectronic switch 
bra } variou t ‘ J its m: be r : 
ed, an irious standardizing units nay b t V—Radio-frequency pick-up coils 
. . . } ] » l 
jure d. In others relative amplitude s are checked igainst \W —Phase shifting apparatus 
known characteristics of samples X—SPECIAL CATHODE-RAY TUBI 


ACOUSTICS AND VIBRATIONS f Mutu induction and coupled circuits ; cS. ¥. 


Bin watior tf sound ios Rua ( Phase relations in electrical circuits 
I. ffectiveness of sound insulatior 4 or B, G(J) I! h Phase relations in mechanical circuits 
Frequency discrimination of auditory equipment Cae Photocell characteristics 
Lot a ingore a \,G, J, 1 j. Photometric measurements 
. : ase \,1 Stress-strain” relations P. 
. e \, 1 Resultant of forces 
Il. AUTOMOTIVI AND AIRCRAFT Th Velocity of light 
\eronautic engine vVachronization B,O,Q n Velocity of sound through various materials Lor B. ( 


(Cylinder pres re indicator 1 or B, P,O, (N) Veloce 


ity of electricity through filters, lines, ete 


Zero balance or null indicator 


1) l ng f ti t i a} () : 
‘ | ‘ ere Gi, (¢ «) 
f Fuel efficienc \ be ote 6 eC 8, 
| r rene 2 : inn \ ELECTRICAL COMMUNICATIONS 
, i { ; : Cn I Dielectric losses in underground cables : . 
l . o cle 7. x 4 vs et ) 
Nis hadi tee l) Klectrolysi studies, direction, intensity and rrequen 
a AEE ace iciealial 1 (O).R round current \ or 
Ridin TE iO Al basis. ae ‘ Filters, characteristics of delay .B,G, (J), (M 
eats. tires. pri - et 1). EK. (N .Q dl Filters, matehing of terminal equipment to i 
R land er PRP ag ts eavv hauline " P ‘ l requency characteristics of ippliances \ 
ae 1.Q. (O f Frequency multiplier 
V isc ity of ubric Tron Os A,Q I USES, Ope rating time ot Lorh 
| Grounds, effectiveness of pole line 
11] CHEMICATI ANALYSIS 
i Lightning, intensity, frequency, and duration of 
Cel rod : rognt \ j Loading balance of phantom cireuits 
Nelecty cay Se \.G k. Monitoring high quality telephone lines 
‘ ( studie Lor B ) Overload tests in circuit breakers a 
iit inne Lor B,Q . Sica tials eee ee ee 
Vise \,Q Relay operation B,(M 


l\ EDUCATION AT DEMONSTRATIONS ) Repeaters, tests on telephone line ee, OC 


\cceleratior rf ravity ) ) Pubes, characteristics of electron A, (1 

Determination of. st time intervals B.G.(M | fiming of dial pulses 3, G, 

Elect generators, theory of CD fests on power factor of condensers CG. 
i Elect ric motors, theorv of C.D . Waveform distortion of telegraph pulses 

Hlarmonk nalvsis ALG t Wareform converter for facsimile receiver \,M 
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LECTRICAL POWER PLANT MAINTENANCI NIN PHYSICAL RESEARCH 


yielectric losses in cables CG CW) N Dielectric field mapping C,Q 
requency comparisons Gor Hor] Electron microscope X\ 
sa operation time \or B,G,M ( Magnetic field) mapping S 
ligh voltage peak voltmeter I 1. Measurement of e/n X 
rhtning surge studies... Ayu Source of electron emission in air X 
Load balance between phases ( \\ PROPAGATION OF RADIO WAVES 
location of leakage on transmission lines B.C, CR Cn oe aw ae ee AR 
Location of radio interference sources R bo Dinectivity of sia 
hase relations and power factor determinations..B, W, (U) Pe a ne eee ae ee SO BRO 
Power factor correction... : Cc. W j Fadin ‘ROO 
Power network synchronization Ck gi Gi tene! sion eia.eoki B.C.1. (ON). R.O 
Phase rotation, direction of  t2 , Wave polari tion BR 
Synchronization of rotating machinery f Wave propagation and reflection. phenome BR 
stcaags dabaall  satupcdinneed<aip wammrengtiadie ra XVI RADIO RECEIVER SERVICING 
liming of relays, and circuit breakers B,M ee ee aga nigger ee ne ee ee LR 
Remote indicator for some ly Auto vibrator adjustment heik 
: unplicated recording inns ; BI " K ae Por & ( Autom ithe Frequency control circuit test x. - ) 
VIl ELECTRICAL MANUFACTURING dl \utomatic volume control circuit test ‘1, / 
ontinuous comparison of product with standard q, | ( Detector overload characteristic \.lorll 
Indicator, quick-acting for production testing aa eee I Amplifier distortion \, Gor 
Location of source of noise in product Kor] e. Frequency characteric \.Gorllor! 
Rapid delineation of characteristic curves oe he 1 Hum elimination ( 
1 Interference nalvsi ae 
WI. GEOLOGICAL AND GEOPHYSICAL STUDIES <r eae eT ee \ 4 
Surveys using sound pressures TA GEE Oat Gl UP a a ae ec \ 1 
Surveys using electromagnetic waves 1S) CN Selecti “es siuinins \ 1] ' 
Survevs using electrical resistance measurements ‘Cc. (NN) - Superheterodvne bonehii nroblen 
Seismography # eA 8 N Dunit Sila tins 


Well or rock drilling, sound, vibration o 


XVII RADIO TRANSMITPERS 


ressure studies Kor l.or PorQ 
Determination of parasitic osel tie \. \ 
IX MAGNETIC INSPECTION | kevin eed, and study of kevi transient \. \ 
livsteresl tests = ( Modulation percent ( 
Permeability tests Ss ad Neutralization \ 
Check for flaws and fissures by magnetic analysis S ‘ Modulation nearity V.C.(G 
Coercivits Ss f Radio frequen ny readit ete ( 
' . — y Qverload mate \ 
X MANUFACTURING OPERATIONS : \, 
Micrometric indieator A or B,.(K),.¢P),'Q AVITI. RADIO RESEARCH 
Measuring eccentricity B. Kon () \Nmimeter, radi frequency 
Measuring small time intervals B,'G,; (M) ly \mmeter, peak readir ( 
Instantaneous pressures on machine tools \ or B, P, (Q) ( Bridwe ine urement indicator ( 
Dynamic Balancing of rotating parts 5, F,O30 Qo Characteristh ulin Cube Cy. Dy { 
1 > ( Decreme 
Xl MEDICAL AND BIOLOGICAI 
t Dicleet ri ’ ( l l l eri 
Nerve action current indicator... re ee eS 
, x. Frequency ( eri IK ( 
] ectrocardiograph + 5 , oe Oe Ba a ay 
; Thun nalysi ( 
Organie sound diagnosis, (stethoscopy ) \, 1 
. " i nstorn cl cte! ( \ 
Klectroencephalograph ‘C,N 
. oud }>¢ Cl test \. | 
KMlectromyograph Ay CaN 
Noise nal l \ i 
I. ffects of cathode ravs on tissues X 
Qverload adi thom oot ! tse \. ( 
X11 MILITARY 7 Phase relation C.D. 
Ballistics (velocity of bullets)... \or B, kor Lor Q I Power diagrar C.D. t¥ 
Ballistics, (pressures reached during recoil) ‘ or B,O, P o. Resistance curves of volume contro I, ( 
Fatigue of metals ey Jas Bs ()) 1) Resonance indicator ( 
Inspection of guns for flaws by magnetic methods 1.8 Shorted tur ndicator Lo (¥ 
Inspection for flaws Hy sound when struck . CC. BE orl ! Transformers, frequeneyv characte it \. ¢ 
Magnetic compass, unatfected by vibration X Wattmeter, radio frequency c. By. 
Mapping, radio transmission of diagrams n,Q \\ ‘ I VSI \  ¢ 
Radio Compass R \ Volts eter, qdio trequen ( 
Sound Interpretation, direction of source 3. ] Voltmeter, ( readll 
Pelautograph ; R, Q Volume. indieator \ ; 
Ultrasonic communication recorder 1,.C,Q XIX SOUND FILM RECORDING 
Weather studies, studies of direction of static R i ’ 


XI. MUSICAI bo NI monitor \ 


Harmonie studies . DoGes lone flutter By 75/8 
instrument quality determination i (6 \N rELEVISION 

Piano tuning A, L, G, (Q mage-former for receiver 

Pitch determination or comparison BG Studio pr Came) , 
Voice analVsis ma ( Video-sig! OuUre? 








Determination and Control of Heating Rate 


By R. J. SMITH 


Instructor, Michigan College of Mining and Technology, Houghton, Michigan 











wating rat control is of importance ippal itus or in the newer spiral resistance contro 
: , 
stigations in physics, physi il chem ncreasing the sensitivity through improved relay co 
hvsical metallurgy. In precision ther ind by improving the mechanic il design. much gr 
ysis, for example, constant heating rates are iwecuracy of control can now be obtained. 
i necessity, and in dilatometry many apparent Che purpose of this article is to demonstrate that 
Soar xplained if all changes in slope of the natic constant heating-rate control may be obtaine 
ud | ] 
| ! s in be relied upon to be significant. Con i: combination of the principle ot the dilating wire 
int heating-rate « yntrol as trol ind the temper rat 
it all such changes unperage re lations of a 
i! true indices of structural te J nace, and that the setting 
hanges ” the control may be pred 
R ntly several nethods | ™ LA mined. I'he subject Wil 
4 } 
been described for con i considered in the follow 
1] , | 5 
trolling the heating rate of ny S, order: Ist. the design 
iboratorv furnaces. One de ao ; construction of a laborat 
z as . 
vice makes Use f a ditter h furnace for a specific lab 
, ulin eas Toe ve eel a 
ially wound spiral resis \ ory application; 2nd, 
\ a 
tor in series with the fur | an > ieccurate calibration of 
i a) ” ] 
nace Another apparatus, ME i ceeeval furnace; 3rd, the calibra 
levised atthe Michigan Col Ll of the dilating wire of 
4 
ge of Mining and Tech 4 )] is control under the cond 
wlogyv. permits. the mntrol i required for the operati 
of either emperature or Fig. 1. Furnace Assembly. 4&4 he furnace; 4th, the 
iting rate Che latter con relation of the furnace 
trol, designed by Dr. (¢ | icteristies, dilating wir 
hddyv. wa Dased ipon the dilat nye wire principle »f ibration, and the mechani il dilating factors of th 
( hevenard This ipparatus has been turther developed trol assembly. wi ha view tO obtammimng 1 desired 1) 
nd prove 1, since yreater accuracy ind Hexibilitv were rate on the turnace 
1 + ne car than wer hytaine ; +h) saiicenant 
) a 1e'¢ ir\ nan Wel oOvocvaIn d in iit rigina CONSTRUCTION OF FURNACI 
Lhe specifications of a laboratory furnace for t! 
inalvsis de pe nd upon the specif ippli ition and 
vary considerably. Desirable eating and cooling 
| 
> —=Z . 
— TI? 
2th \ 
a © « 
ys { | wn 
f A 
1 ? 
V+ 
, M4. x 
+ —_ - 
od "v o< Gaames a 
a i Oe were f 
4 « 7? 
| eee n . 
i — A 
S4 c3¢ i: 
- Hy 
Fig. 2. Schematic diagram of apparatus. | fa . = 
al ¥ 
— we oe = iraw . hart "OO R._4., F nary coils of egies = 
t+ Ay i | ] rt Watts Nk sed in b w ai i net < [ i +> f. f= 
ig te ts 
vally 0 threads inch rining the i for his switches —— — + ——a ie 
( Sc cw t ids reicie.) S Constan speed dila D E 
M—Reversing swit« wee 
D, | I Leve s Rectifier ind = series » 
G—Dilan “ N—110-s series m«¢ : ° sevitch Fig. 3. Dilator Assembly. 
‘ t d 25 l 
i—t : , S I nac switch 
speed reduce . : 
: vi Ss Micromax ré¢ yrder A—Calibrated circular D.. E.. fk Lever I I 
I ’ ¢ 1CtS O—Series spec < f switch : , lisk crum: DI Force A 
esistor > , ‘se EE Resistance arm 
Kf star speed 110 1—Variable resistor in B—Gear; threaded inter 
J rally (30 thr { rch) to G—Dilator wire Ni 
tk with com I Iw double pole-sin series with dilating wire Nally V threads/ incn Bas Ad lenett 
red 900:1) speed re gle throw magnetic relay immeter and turnace fic screw C, and milled & dvance, lengt! 
lanes . externally to work from H—Contactor arm pt 
Se8 sw“ cnes operating is I Furnace ; 1 . - ‘ 
ae l < he motor speed reducer effective radius '/%4 
wus ESiste tor de ll \ reversing switcn _ 
easing sensitivity of con \ L&N Micromax po worm I—Contactor arm, 2 
id tO permit the Q—Rectufier, 110-volt a-« sii nitiitcice Oe aati C—Screw, 30 threads J—Primary relay contacts 
turnaces which volt d-« AN Ammet« inch perating on 6 volts 
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. of such furnaces may be obtained through min. was drawn in Fig. &. Points an the time tempera 











of the size and heat capacity. These factors in ture curves showing this same slop 1 es U. pel un 
iffected by the area of cooling surface, the represent data trom which the temperature-amperage 
<< of insulation, ete. For the purpose of this curve in kis. 5 was drawn. When ipplied to this par 
issue ie requirements for the construction of ticular furnace. — the temperature-amperage relation 
{ im | } } 
ir furnace to be as follows: should result in a constan hi iting - rate I ) ( per 
ir tu 
11” I 2:2" E:D »” O.D min.. the desired heating rate 
city H00 watts, cold, on 110 volts 
? ; CALIBRATION OF DILATING WIR 
ing rate (from 0 to LOOOS C) at least 5° ¢ per min 
vy rate (between LOOO ind 250°) at least 5° C. per lo calibrate the dilating wir that is, to determin 
Its dilating characteristics at thr inperages ind under 
is been found empirically that a satistactory gage the conditions emploved—the ratio beam, the dilating 
resistor ¢ lements ot small] laboratory furnaces 1S wire, and the re] i\ contactor p yrrtion of thre hermo 
, wire which on being suspended horizontally control were used. This assembly is shown in Fig. 3 
/ ' 
if 900 uq + “a 
4 amperes 
a | 
eras ~-+ + 800} t oy } } 4 09, 
y 
700} +f a } 0 
F | t / 
& 
/ 4 
f 3 amperes S 60 a4 0x 
pe S : 
J : : 
x = S, sock ia t cm, son} 
< yy & 2 t 
L 400 y wes Ss +04 + 
2 amperes ’ g / ¢ 
— por ra LY son 6/ } = a } f } 4 . soo} ‘ 
‘ . 
= 5 { 
' a « 
F + Q. 200 we / } ~ 2004 
is / 
es 
= — 10} w ” 
) 
| 
x ————_—____—- 0 « - — a 
5 t / 2 3 + 2 J u yr 1a 7 
= y Amperes Amperes "in e 
gy. 4. Time-temperature curves. Fig. 5. Temperature-amperage Fig. 6. Dilation-amperage. hig lemperature-dilation. 
r is heated to approximately one-half the furnace With the wire G cold, tl rew (owas rned t 0 
] ’ } 
erature when a current corresponding to the limit stationarv gear DB until the 1 y contactor 
capacity of the furnace is passed through the wire neutral position at J. The graduated disk of w , 
ra ngs No Ze B&s rave Nichrom«e \ Wire Was i Zero position ind i curren ot | imp Was passe d 
] ~» ] 1 
1. This wire will heat to ipproximatels OQ | through dilation wire G. Thi dilating wir ste W 
b B.D ANP reS are passed through it. Since Its re ill we d to come oO thre rina eq lily I i | \ 
~ ] } ! 
nee is 1.0] ohms per foot, th proper clement (C was turned until relav contactor J was ag 
eth is about 19.5 ft. with the power supply at 110 tral position, at whicl os. Ae oe oe 
] } j " 
Sil-O-Cel insulating material was chosen because of screw C was noted from disk -1 
] } ] 1 
s low-packed density (resulting in lower total hea Mhe current through G was increased 
“ee Ds coat. Ty oe : ei ss 
v) and good thermal insulation. The resistor wa 2. 3. and 4 amps. and the same procedure wa 
nd evenly on an alundum core, allowing two closely | +] ' 
. a ¥* 5 x for each current value, otal revolutions 1s i 
ri { . } . , . ate ++ ° . . 
1 turns at each end to compensate in part for being recorded. The dilation-amperage ve. o. 
iture gradients from the end to the center of the was then obtained bv correlating. thes er 
( Che entire wound core was given a light coat with the dilation. which in turn was obtained 
! i ry” 1 
tlundum cement. The assembled furnace is shown revolutions of disk 4A, the beam ratio EF to DI } 
y 1 . 
aa ind the number of threads (30) per in rf we 
CALIBRATION OF FURNACI 
CORRELATION Ol DATA 
Since commercial a-c. supply voltage fuctuates, it From the temperatur perag ig. 5 , 
necessary in making this calibration to compensate the amperage-dilation curve, Fig. 6, the temperat 
he resulting irregularity. For this purpose the dilat dilation curve shown in Fig. 7 was plotted. It now 
wir issembly was used to ket p the voltage drop mains merely to choose HIS }) lila 
) } iw ry’ 1 , 
ss the furnace constant. This control has been used curve the extension of the dilation w f nge o 
SiN tor similar purpose s and tor te mp rature ind temperature wer which mostant heat g t { { 
no rate control. ind. from the straight t perat v | 
he i. ' : 
Che calibration of the furnace necessitates obtaining the time required to heat it 5 er n 
temperature curves at definite mnperages, For each range chosen. The relation of ese values g " 
nt amperage through the furnace. the time-tem dilation speed per minute, whi . hen obtained 
re curves starting at approximately aH .¢ wert idjusting the beam ratio EF to DI 
itically recorded by means of an L&N Micromax In following this proce lun may t n Tro lig 
rder. Four imperages were used—1, 2, 3 and 4. The 7 that the dilation is 0.0870” (0.1110-—0.0240) when 
ing curves, re plotted, are shown in Fig. 4 the te mperature range 1s 20 to 620 ( ata eating 
ctye » - a e . . - c 
\ straight line representing a heating rate of 5° C. per rate of 5 ( per min. this temperature rang tT 600 








A 
/ 
pa 
P of 
- 
4 
LZ 
4 
A 
Y 
f 
4 
s 
a 7 ‘ 
J 
/ 
/ 
, 
b, 
big 'e) Time temperature curve from constant heating rate test. 
' hoe 
will require 120 minutes, or a wire extension of O.OOO7 2 
per mounute 
Phe starting irrent from any temperature must bye 
chosen trom the temp rature inperage Curve of Fig. 5 
Ih starting current is the amperage necessary to stat 
thie furmniac heating i i predetermined heating-rate 
tro | Starting temperature In the present ist lad 
TPS Ss the proper value, starting trom 2O ( Phic 
onstant-spe d motor works through worm reducers in 
, ) 
( mine hat th worm working on gear Bb turns 
2 r.p The gear B has 20 teet! ind t screw ( 
is 50 ids per so that he vertical movement 
f the screw © is 0.00333) per min when the screw is 
i ped and prevented trom turning Phe nearest bean 
i > WwW ( “ ove propel dilation speed ron 
t S out id id for beam ratios available on hye 
I nt iS ) 25 5 yr L/ 25.5 0.00333 
QOOO7 G”’ mer minute 
" ST O} PROCEDURI 
| \ t \ iC iv Of thre foregoing pro d re 
plet st wa nade using the sam furnace Phi 
n ' ] { +) 1:1 ' 
i ’ ita Were ODLaIMed entirely Trom i Calboration 
I t furnace and I Ul dilating wir 
With the ratio beam of the thermo-control set at 
isa [D.o is deduced, the furnace current was set at 
c ps Phe t rin ontrol was then put into opera 
tio ~, herent rrnie onic yr two minutes Wiis iiowed 
for t dilating wire oO attain thermal eq ilibrium 
I] iting-rat cury ot he furnace was recorded 
] I ‘ 
Vv b he LAN) Micromax. See | gy, 8 The 
rag wating rate between 20 ( ind 620 ( is 
: } ! nin Chis represents a maximum error of 4% 


min. Slight changes in slope over 
the emperaturt range covered 
mav be observe d. The constant 


speed dilation of the No. 22 B&S 


Advance dilating wire 


, 
FA ge makes 


it impracticable to allow for 

changes in the coethcient of expan 

sion of the dilating wire as its ten 
INCreASeS, 

| iv.yvisa pl iotogra ph Of 4a Cool 


ing curve of Armeo iron taken au 


— 


tomatically and with heating rate 


control. The general uniformity 
of the record and the sharpness of 
noted. The 
that of 
this 


that previously published 


the transitions may be 


lower transition is nickel 


Comparison of record with 


demonstrates the improvement ob 


ined by, and the Mmportance Of, 
heating-rate control in this” tvpe 
of work 
SUMMARY 
Phe purpose of this article is to 
demonstrate that automatic con 
stant heating-rate control mav b 


predete ‘mined from the combina 


tion of thre 


prim iple of the dil il 


nme wire ind the emperature 
unperage relations of a= furnne 

Data are pre sented showing thre 
practh | ipplic ibility ot thre 
method. The larg r significance ot 
he findings is that constant heat 
ing rates reflect their importance 
nto he consistency if thermal 
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Appl 


iN J 1) Juhas \ Thine of information tor 1 
ho have t investigate forces and motions not or 

ting nv other pplications. Cloth, 5 xs melhe 
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\ \ 
nand tor ic \dequat il] 
itt electrical nation of mstrument 
surements 1n scales 1s Lhe first 
ind in man requirement. [f 
ing. together lights are placed t 
continued Closet to fil inst 
ss im oinstru men hy we \ ! 
development, will ¢ it \ 
ssitate 1m perature gt idic 
d st indardiz thre misty nent 
q upment and common i ) 
nique To meet heating error \ 
needs and to Sed nd red 
de for the fu therefor Ss pro} 
table for the precision calibra iHumination: not only adequat +7 
moo secondary standards and spt cial sight but practically cold and idow 
vents has been built) and— is less.” This is accomplished by a ee 
din the General Engineering Lab RP el of indirei lighting consisting ' 
V ofl th an ne? il El ctri % _— Fig. 1 The a Table ( irved re He Ol noun ed oe iit 
. In Sen nectady. Phis table re P Fig. 2. Contactor Control Box table with the necessary lamp bulbs o 
ents a major advance in this type ot of sight of the operators. The reflector 
ipment. Some of its outstanding is. painted a flat white and is) con 
res are versatility, compactness, safety. conven structed so that the intensitv of light is uniform over the 
with uniform and suthcient illumination, whole area of the table top. The dispersing effect of tl 
white surface makes the occurrence of annoving shadow 
GENERAL DESCRIPTION practi ally impossible In reading s mirror sea nst 
The table. Fig. 1. is 16 ft. long, with framework of ment, the image of the white surtace in tl 
Che flat table top, 30" high, is covered with batth in excellent background for the pointer 
» linoleum. Curving 5 to 6 ft. above it is the white The average amount of light on t t 
lector providing shadowless illumination. On the ei@ht foot-eandles he maximum de ition : : 
nels are mounted the various switehboard instruments. iS only three foot indles. except t t 
ning switches, scales for thie electrodynamometer mn where the intensity of ligh s kO ) ! 
ents and the binding posts for current and voltage . 
SWITCHING M rlops 
trical instruments such as voltmeters, wattmeters, 
ers, within a voltage range of O to 900 volts and Phe calibration or checking of st inst t 
nt range O to 200 amps., at any frequency up to quires a great deal of switching. For examp ! 
0 eve les, as well as frequency meters, with corre essary In the calibration method used for 200 
nding ratings, may be checked with a precision of unmeters to switch trom ace. to du ind also t 
© or better. This precision is well within the ace the dic. Ordinarily, this would be ac Hished by oper 
limits of the instruments, most of which have an ating large switches bv hand. In some cases this w ( 
racy in the order of 0.1% necessitate moving trom. one nd of the ible | 
it) thie cle sign ot this table . de termination of thre lye sl othe or ord Be: 4-2 co cui shake ‘a Inst ud 
on tor the Various controls and standards Was Ae ites switehes whi ” és od Sa ited set lly to net 
shed by first building a full-size wooden model of SNES, EARLUIIA, COMRC TOTS AF sed. Similar con 
I it galvanometer scales ind thre Various controls ind oo lso ma o control th potential ¢1 Its Uh P 
iments were repr senken by ee ee paper pipe “sy z a oper ited by 22 volt 3 lavs controll 
ls Phese models were pinned to the Ve rtical prcarne Is ay tog Switcnes arranged : . Ene DOX | - 
the actual instruments and standards wer placed Binding posts to which e potential and curt 
flat table top. ‘Then laboratory men, who would utS are connected are located at various - = 
ise this table, placed themselves at the various places on the panel above the flat table top. ‘I 
ms and went through the procedure of calibrating uits are energized with a or d-c. sour pow 
struments, the controls being moved about until the ind the polarity of either th rrent or poter 
suitable location was secured. In this way. the best cuits mav be reversed by operating the proper 
ions for the various controls and standards wer switch on the contactor control box. Ther two 0 
rmined. The drawings were made from this wooden these contactor control boxes. each with a flexib] 
ind plug: and ea mav be plugged in at t f ty 
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tlerent tations. One otf these contactor control boxes 

switches on it which control both the potential and 
rrent circuits, while the other one controls only. the 
potential circuits. When both of these boxes are plugged 


pote ntial control is taken AWA 


sets near foreground. 





from one station position, leaving only the current con 
rol. This makes it possible to use both ends of the table 
it the same time tor example, i voltmeter may be 
ilibrated at one station while an ammeter is calibrated 


it the other 


SAFETY 


The safety of operation of any apparatus cannot bx 
over-stressed, On this table, lines which may be at high 
potential enter the table through switches located at the 
top of the panel, out of reach except by means of a long 
insulated rod. Switchboard instruments are mounted be 
neath these switches and connected across these lines, 
continually indicating which lines are energized and at 
what level. 

From these switches, some of the lines go to the vari 


ous field control rl 


wostats on the table, while others ar 

wired through the switching contactors previously men 

tioned to the current and voltage buses on the table. 
The Space back ol thie table lig. 5 


ive with doors which are kept locked. In this 


Is enclosed bv 
i safety 
space are Log ited the transformers, storage batteries for 
direct current, vuxiliars switching equipment, the gal 
vanometer, and the electrodynamometers. The galva 


nometer and electrodynamometers are placed on a shelf 
mounted on the outside wall of the building so as to ob 

iim a minimum of vibration. Control rheostats are so 
placed as to be re idily iccessible from the ri ir, insu 
lated rods preventing the possibility of accidental per 


] ; 
sonal contac by an operator using the table 
POWER SOURCES 


Both th 1-4 ind d-e. solated 


from the general laboratory svstem by the use of trans 


power supplies ire 


formers and batteries, respectively. This permits the us 
of grounding connections most suitable to the work 
being don it the table itself 

The a-c. sources of potential ind current are obtained 


trom separ 


i 
ilternator These transformers have several r 
} red by means of a simple switching ar 
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Fig. 3. Rear view of the calibration table 
showing battery truck, transformers, aux- 
iliary switching equipment, safety cage. ot 
Fig. 4. Some of motor-generator sets in 
Laboratory power plant. Two “three-unit” 





e transtormers which are energized by an 


OS W hic hy 


rangement in order to obtain the desired volta 


urrent ranges 

Frequencies trom 6 to 3000 cycles at any pow 
tor trom zero to unity, le iding or lagging, are o 
from the various machines in_ the Laboratory 
plant. Also, by the use of a special h 
generator set, any desired) wave-for 
be obtained up to and including th 


l 


harmonic, with the fundamental in th 


20) to 60 eveles 


Fig. 5. Incoming feeder panel and 
starting panel for the large d-c. 
generator. 

Fig. 6. Switchboard in the Lab- 
oratory power plant. 





To supply power for the majority of the calib 
work a so-called “three-unit’> motor-generator. se 
t) is used. This equipment, located in the Labo 
power plant, has two identical alternators on thi 
shaft. The stator of one of these alternators cai 
means of in wuXxiliary motor controlled from thee 
brating table, be rotated into any position with. re 
to the stator of the other alternator. By using om 


nator tor current supply ind the other for po 


600 kva. 
three-phase 
transformer 


300 kw 
> M.G.Set 
B.2kv. —— _——— { >) 
~~ < 2300Vv, J 
i > 125/250v. 


regulated d-c. 


as 


ae: 


M.G.sets 


Fig. 7. Diagram showing the 
general scheme of the I abor- 
atory power supply. 


inv desired power factor can be obtained for wa 
calibration. These alternators are of special desig 
their windings are so constructed that the wave-f 
exceptionally free from harmonies. ‘These machine 
been found especially suitable for laboratory calil 
work where good wave-form over a wide range 


queneyv is esse ntial. 


In order to obtain steady voltage and curret 


constant Trequency, ill the motor generator sets 
Laboratory power plant Figs. 5 and 6 Are 
from two large d-c. generators (Fig. 7 The \ 


f these generators are controlled to 0.2 volt by 


of voltage regulators. Any one of the motor -g 








t hie powe r plant mia be controlled trom the cali dynamomete r Yr iding previous secured by | mJ ck 
o table. termine the indication of the wattmeter under test. ‘This 
harmonic generator set, previously referred to for procedure is re peated at every point on the instrumen 
ning various wave-forms, has a “fundamental” al for which a check is desired 
y and third, tifth, and seventh harmonic alter In checking the wattmeter, a phantom cireuil lig 
rs on the same shaft. Each harmonic generator is 8) is used. The current in the current coil of the watt 
yoed with means for rotating the stator in the sam meter electrodvnamomete the transfer standard is 
r as in the three-unit sets previously mentioned measured by passing this current through a known valu 


| YA al 1 
— we y= ae co a = 
To a-c. Elles [ ] = T -c. g] . 
Ss | Ie A-c,| rd D-c = na Ome S . A-C, D -« — 
SUPPly S || | ¢ » = Supply pa i NAVAVAYAY © 
Pinas EA N G+d 
a a Ammeter 5 nibh 
[ Pia f 0 shunt 
| Control ; 7 | cH 
aa nnanner ) 4 + 
PSU YUU rus L + 
| Wattmeter | @ 
| Lunn |. Electrodynamometer lt 
} a ae ’ Ic 
} ie een Tye FE. Precision 
: Coon © g ol f L_JO potentiometer 
4 4 
D | | ee TOOT Control 
—— — | } | 
0 T | 
+ 7 
Cc | _ | g 
o | : 
~ C 4 
(e) | 
a | 
} |» + . + — Fig. 8. Phantom circuit for 
L | the calibration of a_  watt- 
ere a 4 Aa 
| meter on alternating current 
hd, 
- ; oe 
Multiplier | — 
= 2 \ ~ 
| ] 
| Voltmeter of resistance and reading the potential drop wero 
| | 
SS this resistance by use of the precision potentiometer 
Deflection I—E AR The voltage across the potential circuit of 
potentiometer the wattineter-¢ lectrodvn imometer is me sured by us¢ 
of a resistance multiplic r and a deflection potentiometer 
, ‘ In order to obtain the desired deflection, adjustable re 
By suitably interconnecting the “fundamental” and har : 
. sistance is used in series with potential coil of the elec 


onic generators, it 1s possible to produce i comple x _ ; 
1 trodvnamometer. This resistance is selected to have 
wave, the harmonics of which are controllable both as ' . 
low phase angle. to kee » errors due to this source te 
magnitude and phase. 
: negligibl value. 
lo use these motor generator sets it 1s necessary tor ' 
: ; : \-( immeters are calibrated by 1 SIT i! ! ste 
the table to have at least two generator field controls ' ‘ 
. method. Instead of using an electrodvnamome 
The current taken by the various generator fields may 1. : 
. een ; transfer standard, a thermocouple is. often s 
inge from O to 50 amp. In order to eliminate heavy ; 
‘ . : the rmocouple is also equally wcura 
rrent rheostats, fixed resistors are located in the cali i 
; . the mean of direct and reverse d. 
iting table to cover this large range of field currents | 
G frequency meters are calibrated by holdin 
nap switches place the groups of these resistors in : } ] } 
cal] quency constant at the desired seale point and 
illel with the rheostat control so that the desired : 


ing the CVE les ¢ lapsed during a known in 


+ “1 } 


ige may be obtained. aes oa ee des é 
Special motor-field controls are mcorpor ited withn 


CALIBRATION PROCEDURI table for convenient control of frequency 


In order to illustrate the general procedure in the uss 


this table, a detailed de scription of the calibration or 


rl) alibr j } } 
ecking of a wattmeter at 60 eveles is given, it being It might appear that a calibration table on which sucl 
: . ‘ko om be done th h great ’ 
sumed that the motor-generator set of the desired rat varied work may be don with such grea ICCUTAE 


has been connected directly to the calibrating table would be complicated to operate. However, this table i 


" ] a ; 
om the Laboratory power plant. comparatively $1 nple to operate because of its unig 


| } svstem ot controls al] of whic h re t r}y } rl | An 
n checking a wattmeter on alternating current, th . Teel eee are Cirarly marace 
as 


hod known as the transfer method is used. This person who has a fundamental knowledge of instrument 
I:] } 
essitates the use of a “transfer standard,” generally ind calibrating circuits can quickly learn how to operat 


. hi 
irefully constructed astatic reflecting electrodvna it safely and efhciently 
. i ; Ith, o thy tah], ra yiit try - ch +} 
neter having known characteristics and equally ac Although tl ible was pul into operatio »s thar 


‘ate on either a.c. or the mean of direct and reverse three vears ago, careful studies have shown that the ir 

[his is located in the enclosure at the re ar of the creased outpu made possible by its use has compen 

( sated for practi lly its entire capital outlav. Wit} he 

he essential scheme und rlving such a method is as greater volume of work done tending to liquidiate it 

WS 1) Calibrate a given watt point on the trans original cost, the increased accuracy obtainable appear 

standard (astatic re flecting eclectrodvnamometer) on as a dividend which benefits both the standardizin: 
ind reverse d.c. (2) ( hang ‘memediate ly to an group ind the final instrument user 


rnating current source of. the frequency and power 
tor desired for calibration. Fa Using the electro 
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Early Penetration Hardness Methods 


By S. R. W 


Professor of Phy SICS, 


we someone deliberately 
roing work to establish a means for measuring hard 
: publication by Réeaumur’. His method was simi 
T il prac l ed by Hos DOVS who wish to show thre 
periority ut th t | in he blades of their pod ket 
nil Iw \ ik r respective Knives ind let the 
iy i nto the edge of the other. Thi 
! \ he larg nick the softer and, therefor 
rey I Ihe wo No doubt that centuries betore 
dn was mad (5 b jer of scientific enquiry, the 
i ( ility ) tw vords had be measured by 

i ime method 
teaumur shaped right ingled pristns, is In | ig, OS») 
ro he two different materials to be compared [hese 
‘ 1) “ st wit! heir axes at 90 to ich othe 








Ré r (1799) F 4) (107 Matai, (I 
\eaumur (1722) Foeppl (1897) Haigh (1920) 
Fig. 85. Various forms of indenters used in hardness testing. 
md wil th 10 ingle Mf the prisms cutting into ea I 
rt brom hie depth of the two indentations mad 
he relative hardness of the two materials could bi 
judged. The pressure for both prisms was, of necessity, 
he Same 

\ procedure similar to that of Réeaumur has been fol 


mwead by loepp!| ind Haigh loepp!] used two eylindri 


test whose axes were placed at right angles to 
g g 


pieces 


ich other and then pre ssed together in a clamp or press 


Che positions of the two test pieces are shown in Fig. 85 
Foeppl measured the areas, 1, of the flattened surfaces 
at the pots of contact. This area divided into the total 
force used in pressing the cvlinders together gave Foepp! 
his number for hardness. He found that Fo cf was a 


onstant 


In preparing his sample s tor testing Foeppl cul two 
smal plates trom the material to be measured hese 
slates tl had one flat side ground so that it became a 
vlindrica rts whose diameter was about 20 nm 

ee | 8) In order to determine the diameter of the 
ire ir aren of permanent deformation, Fox ppl covered 

\I 
E 
\ | \J 
\ 
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ILLIAMS 


Amherst College 


he cvlindrical surtace i thin laver of fine 


nd that 


the 


was ascertained by carefully 


black and fo irea of disturbed lamp 


trea Of permanent deformat 


the evlinde r. his “ 
off the lampblack from half of the indentation and 
paring the of the of the 


unpbl ick permanent dt pression 


location eda imprint 


Wi 
evlinder. 


I igh has recently revived these methods. Inst 


} 


triangular prisms with 90 substituted 


ingles he 
prisms. The relations between the two samp! 
shown in Fig. 85. Haigh took as his measure of hard 


he ratio of the total force 


ipplic d to the le noth / 


damaged edge of thr prism. FJ constant. 
It should be noted that Réaumur compared the 
tive hardness by taking prisms of two different 


rials. loeppl and Haigh used two prisms of th 


materi il, but were i position to de rive numbe rs W 


alues: F'/ A 


In 


should stand for hardness 


visi 


\ constant ! 


constant 


These methods measure resistance to penetration 
it may be said that they measure resistance to per 
nent deformation. The amount of penetration o1 


imount of permanm nt deformation is taken as a mea 


of this resistance. Area, ce pth, length, width, bending 
stretching, twisting and compression may furnish a 
ure of penetration or of deformation. 

Before proceeding to discuss modern experiment 


methods for testing hardness by the indentation pro 
ittention should be called to four outstanding pap: 
thre 


theoretical point of view 


which discuss problem of hardness testing f1 


HERTZ S PAPER 
Hertz’s paper starts out with the proposition 
this is followed by the others—that in the cas 
penetration method, the problem IS most easily 
when the penetrator and the penetrates have surtac 
definable and ascertainable geometrical figures, fon 


] ] . | 1. 
LN pIeE, Spheres irik planes 
AUERBACIL S PAPER 
Auerbach starts his paper by reviewing va 
serateh methods and comes to the conclusion that 
right ste pois bye Ing’ | tiken in devel ping the static in 
tation method as over against the dynamic scrat 


method. Auerbach is led to the definite question, | 
oft by thi 


meter correct in its pring ipl Ile answers this qui 


definition hardness as detined seratch s 
bv saving I believe that this is by no means the 
and the hie thre 
method is that hardness, when determined by the 
method, is much too complicated a conception to be 


He b 


reason gives tor not ftavoring si 


is a basis for the definition of that property 


that there are too manv concomitant effeets which 
1] 'K\ 
\ 
\ \ 
‘ 
{ \ 
] ] 
4 
kM { | H 














ction with hardness and therefore becloud the gel 
Auerbach says, “The second difhculty encountered 7: 
dependence of the results of the sclerometer on ‘) 
gree of sharpness of the marking stylus . It is —~I ad st int 
‘bvious that the stvluses of different apparatus l/s a re i — TH 
t have been identically sharpened, and that th [ f ee ee oe A 5 A) 
s of the same apparatus will soon become blunted pir) 7 ii dbe_| | “IR 
ntinued use. Measurements into which this serious a Halt Ly Ir —— Ter 7 ae 
panes necessarily enters cannot be comparable ba y. ae af | | 1: | 
themselves.’ | G sek Se Ae | ? 
nav be recalled that Bierbaum emphasized this | %s Ni i. il, ) 
in connection with his standard instrument and -% £: ) 
1 out that his diamond edge could be duplicated \L — y 
ill the accuracy obtainable in any sclerometer or ns “ ; 
ntation method. In fact the duplication of a diamond Ti cp - a hardness tester as used in measuring the 
such as Bierbaum proposes, may, when referred , 
definite axis of the crystal, be more standard than ee hee 
grinding of a steel ball for use as an indenter, be J cil | | ie. 9 
in the theory it is assumed that the steel ball does 
suffer distortion in the process of indentation. From LL | —— | N 
ctual process ot producing steel balls it must bye / eS f \ \ 
nt that the steel ball varies in its elastic prope rties [ xe) Ko t | | \ 
different directions as shown by the variations in | j | + 
dness illustrated in Fig. 86. It would appear that the [ i SB), k ' \ 
ndenter is as subject to variations as in the diamond ie a | } | 
us of a sclerometer. In either method it is assumed. \ | | \} } } 
uurse. that the test is based on a permanent defor \ | * ++ a, | ee 4 J 
\ 


tion due to plastic properties of the specimen teste d 
id not due to disruptive deformations. 

(gain quoting Auerbach: “It has alre ady been stated 
Hertz investigated a definition of hardness which 


ithematically exact, and which does not conflict with 





prevailing notions of the quality. He replaces the 
lefinite point by a spherical surface; or to state this Fig. 88. Imprints of Auerbach’s spherical indenter on the sut 


e correctly, since the port ms atter all a spherical ice of 1 plate of glass. 


ee OF Very small radius, Hertz uses a stvlus with «a 





is of curvature large enough to be measurable 1] 
W he a i steel ball. tor WS nee. | ~t it 
In these four theoretical papers there seem to thr a 
surface, the contaet is a poimt wh s} ids 0 
neral reader to be two outstanding ports to be Con , ; 
; ver-widening: circle as the pressu rea () 
eres 1) penetrators whose dimensions are known . 
this cirele of contac tl pressure WI t { I 
nd whereby the amounts of stress and strain set up in ; no , 
. : but wi be greatest at the center of en | 
points of contact mav be ascertained: 2 he eri ; : 
: criterion tor e hardness of 1 body is given 
for hardness tests. ; i. 
Hertz is. that 1 Ss mensured I ist \ ) 
i * central pressul }) nit ! ! ir\ 1 
permanent set or ruptl t th nte 
pr ssed surface. Hertz reduces hardness pa g 
of elasticity. ys ] sures irdness bv ft I 
necessary to pr rd ice th nitia per ie | " ) 
He had some grounds for be ving th is “ 
Fig. 26 (April 1937 instalment 
Auerbach tho wht he was) confirming He ! ti 
point of view. but what he really showed was bi 
harder of two bodies is elast hard: ! 
creasing less rapidly than ist \ Othe ) 
\ therefore. n S COME n t ) 1) t i} tert reat 
of hardness. | sHMplV brings o on oy t 
number or one factor is. suff Xpress 1 
ness of a body as ordinarily define 
Aue rbach follows his theoret { +s nm wit 
measurements ind is h LITA Lin wit LI 
theory It is vir rally i ball penetrator w \ 
works, I v $7 s \ dh iwihy 1s I \ 
glass lens i sphere indenter yroed 
plan surtac I ola hy ond iched 
irm of ley Hi i I nasn f | 
t t } ! 
cen oO 


permanent deformation 


] 
} 





which show the first pe 
bach turned his attention to such bstan 
transpare nt ervstals \ SHOW in | ats. t 
> , . > ' mati ea + ) seahyle to watch ¢ | f +} 
g. 86. Variations in the hardness of a *4" steel ball as mination mad po 
t aS more and more md Ww 1+ 


sured every 10° of arc around the equator of the ball. first permanent s 








e scale pan he limits of elasticity must be gradually 


ipproag ied ind nol overstepped. Lhe {first ippe arance 


1 permanen is th signal to hold the pressure from 


irther mcrease hig. 88 gives a picture of the Impres 
ions for various curvatures of the indenter. Auerbach 

] 4 ; ; 
nal mii ses that Hertz’s theorv and practice do no 


On tl issumption that both the convex indenter and 
the plane surface indented have equal hardness, Auer 
finds that the rupture always occurs on thi plan 
rface and never on the surface of the curved indenter 


\uerbach ran nto the difficulty discussed 


th if h irdne SS 


ion of the form of the indenter 


previously 


is measured by the indentation method is 


MEYER S PAPER 


By 1908 the srinell (steel ball indenter) hardness 
used means for measuring 
he suitability of metals tor certain purposes. This led 
Mever of the Materials Testing I iboratory at the Im 


perial School of 


tester had become i widely 


Technology, Charlottenburg, Germany. 


0 emphasize the need for an extensive study of the rela 
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Fig. 89. A comparison of scratch hardness with those as 
measured by ball and cone indenters. 

ms between theory and practice as used with the 
Brinell machine Mever also felt) that comparisons 


should be made between indentation methods as 
iced by | 
nethods of the 
Ludwick and between various scratch methods as prac 


iced by Mohs, Martins 


The 1908 paper by Meyer is a valuable 


pr i¢ 


ind others: between indentation 


oeppl, Brine] 
cone type of indenter as suggested by 
ind their followers. 

iddition to 
built 
ind the 


circular impression produced by the ball. 


thie lite rature ot the subject ot hardness. He ip an 
diame cer 


Ihis 


quation between thre load P ipplied 
following form 


P a d 


square 


relation is given in the 


where P is in kilograms per millimeter, d the 


diameter of the impression in millimeters, and ind 
ire constants for the material under examination. ‘Two 
netals can thus be compared for penetration hardness 


knows thre constants oft the material mr othe 


of the 


whe mn one 


whol course hardness curve 
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Fig. 90. Studies on annealed copper made by Hoyt by 


of a ball indenter. 


If one uses the true mean pressure, 
P 
7 d-/4 


the hardness of two metals can be 


P 
compare d cil 


constant load or at constant diameter of impress 
i given degree of loading. 
In Fig. 89 are 


hardness determined by ball and cone 


shown comparative val 


SOT 
indenters 
the scratch method. The cone and ball pen tration 


ods otte 4 quite 1 satisfactory comp irison, but on 


contrasts in hardness occur for the penet 


Maree 
method can one say that corresponding variations 


pene [ 
property! 


tor the scratch method The scratch and 


methods are not measuring the same 
Mever also discusses the inadequacies of the pet 


| 
tion method 


HOYT S PAPER 


discussed theoretical 


Aue rbach Hertz S 
added expr rimental data thereto. In a 
Hovt does the same. for Mey rs paper. Hoy! star 
"The 


inalysis of the ball 


paper 


similar ft 


| 


purpose of this paper is to pre 
test. 


by saving 
rational indentation 


manner in which such 


show the an analysis can 


plied to certain) fundamental problems in | 
testing.’ 

One point of particular interest in Hoyt’s p 
the clearness with which he discusses the various 


in. which permanent deformations are brought 
[his 


In prece ding chapte rs 
later on. Quoting one 


point has alre idy received considerable " 


discussed ~ il] 
Hoyt 


tal is deformed beyond its 


and will bye 
paragraph, says: ~ Cl 
ing implic s that the me 
limit; in brittl 


duc ( 


duee plastic 


materials by an amount sufficient 


cleavage. and in ductile material, sufficient 


a) 
. 1 ] 
flow. Scratching further implies (1 


rather than gene ral ipplication of the load. wl 


with (b) res 


2) that the 


turn implies (a) local deformation 


flow of metal during deformation; 
ipplied by or through a substance which is harde 
the metal under test: and (3) that deformation 
fined to the 


Hovt comes to the conclusion that the 


metal under test. 


the ory 


re garded is 


+ 


conditions developed in the 
that it can be 


est meets. the 


suthcient exactitude 


ball indent 
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91, Hardness tester developed by Calvert and Johnson in 
\ penetration method. 





Fig. 92. The point of the penetrator in Calvert and Johnson’s 
hardness tester. The depth of penetration was measured by the 
scale and vernier. 


irdness test in the light of the definition given. Hoyt 
then states that for brittle materials the ball indentation 
st should he conducted according to Aut rbach’s test. 
which is a slow application of the load until the first 
ippearance of permanent set occurs. In the case of 
plastic and ductile metals the tests for hardness would 
ilong the lines of the modern ball indenter hardness 
Fig. 90 shows the results of some tests made by Hoyt 
n annealed copper in which the first curve depicts how 
diameter of the Impression imcreases as the load on 
ball is increased. Meyer had already indicated that 

i curve could be represe nted by thre equation 


P ad 


nterpretation of which has already been given. Sim 
the second curve shows how the Brinell number 

s with the load applied. The Brinell number was 
ted from the equation 


H : 


re D) is the diameter of the ball in millimeters and d 
diameter of the impression in millimeters produced 


the material. The third curve shows the variation of 


the me an pre SSUreC, Diy AS the load IS Inere ised Vhev al 
vo to show that hardness. per se, is not expressed by a 
sing factor 

Vhe four articles which have just been briefly re 
viewed are some of the outstanding papers on a theory 


l 


of hardness. Thus far, our theories of hardness do no 
irrive at some constant for this property of hardness as 


one derives a constant for the various moduli of clas 
ticity This would be an ideal situation were it possible 
to do so. The author has alte idy drawn attention to the 
fact that the hardness of a metal seemed to be definitely 


related to its vield point, vet the latter cannot, as Hovt 


' 
points out, be taken as a measure of hardness. It is th 
change in these two properties ind not the absolute 
\ ilues of these properties which TIVES 5 sO ! 


of the hardne ss 


CALVER'I AND JOHNSON S HARDNESS TESTE! 


Another early form of an indentation method for hard 
ness testing was the one devised by Calvert and Joh 
son’ in 1859. It consists of a heavy metal fram ind 
stand « irrving a lever with a high mechanical advan 
tage. This is shown in Fig. 91. As more and more load 
is applied to the scale pan C, the greater will be the 


ratory i ij 


The latter is shown in greater detail in big 


pressure transmitted through a to the pen 


penetrator is a trum ated cone, 7 mm long, oO mm wide 
at the base and 1.25 mm. wide at the point. ‘The load 
idded to the seale pan ©, in order to penetrate ad 

tance of 3.5 mm. into the substance tested. was taken a 
a measure of its hardness his instrument mav. serve 
iS oan example of one ot those early ste ps take n rn 


deve lope nt of modern hardness testers 
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larger sets. Complete informa- 
tion in Catalog No. 12. Write to 


will measure diameter, in- purchased singly or in set 


side or outside. Jaws fit No. 44, $65 with the case. 


flat or convex surfaces. 


FORD MOTOR COMPANY 


Johansson Division, Dearborn, Mich. 
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With Multiple Nosepiece Changer 
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view. 

Special paired objectives of 
high numerical aperture 
yielding utmost brilliancy 
and sharpness of the image. 
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